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Abstract (English) 
ABSTRACT 
Abstract of thesis entitled: 
Adolescent idiopathic scoliosis (AIS) is a three-dimensional spinal deformity 
with unknown cause. Generalized osteopenia and over-growth on anthropometry 
have been well reported in adolescent idiopathic scoliosis (AIS) patients. Studies 
have shown greatest probability of curve progression in AIS during the period of 
peri-pubertal rapid growth. However, the association between osteopenia and curve 
progressive has not been report. The aim of this study was to investigate: (1) the 
association between osteopenia and curve progression (2) the association between 
over-growth in anthropometry and curve progression (3) whether osteopenia would 
serve as one of the important prognostic factors in predicting curve progression and 
(4) to develop a predictive model for curve progression in AIS girls. 
324 untreated AIS girls, aged 11 to 16，with initial Cobb angle of over 10。，were 
recruited. Dual energy X-ray absorptiometry (DXA) was used to measure the areal 
bone mineral density (aBMD) and bone mineral content (BMC) of the spine and 
bilateral proximal femur. Peripheral quantitative computed tomography (pQCT) was 
used to measure the volumetric B M D (vBMD) of the non-dominant distal radius and 
bilateral distal tibia at the time of diagnosis. Bilateral legs were redefined into 
convex hip or tibia and concave hip or tibia, according to the convexity of the curve 
for analysis. Age-adjusted aBMD, v B M D and B M C that below or equal to -ISD was 
defined as osteopenia and low B M C respectively. Any increment of at least 6。， 
measured from radiograph, was classified as evidence of curve progression. All 
patients were followed up longitudinally for 2.5 years. Independent variables for 
analysis including: chronological age at diagnosis, age-adjusted aBMD, v B M D and 
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B M C at different skeletal sites, menstrual status, corrected body height，corrected 
sitting height, arm span, family history, Risser grade, curve pattern and initial curve 
magnitude. Univariate Chi-square test and stepwise logistic regression were used for 
statistical analysis. Receiver operating characteristic (ROC) curve were plotted for 
testing the accuracy of the model. 
Results of the univariate analysis showed that all the growth related factors were 
significantly associated with the incidence of curve progression (pcO.OOl for all). 
a B M D and B M C , measured by DXA, were found to be significantly associated with 
curve progression included: spinal BMCage-adjusted (p=0.013), convex femoral neck 
BMDage-adjusted (p=0.015) and BMCage-adjusted (p=0.013)，convex Ward's triangle 
BMDage-ad j us ted (p=0.043), coiicave femoral neck BMDage-adjusted (p=0.004), concave 
trochanter BMDage-adjusted (p=0.014), concave Ward's triangle BMDage-adjusted 
(p=0.002). tBMDage-adjusted (p=0.037) and iBMDage-adjusted (P=0.018) of the convex 
tibia and iBMDage-adjusted (p=0.027) of the concave tibia were found to be associated 
with curve progression. Both curve pattern (p=0.008) and initial Cobb angle 
(pcO.OOl) were significantly related to the incidence of curve progression. However, 
all the anthropometric parameters, corrected standing height, corrected sitting height 
and arm span, and family history of scoliosis were not associated with the incidence 
of curve progression. 
Logistic regression showed that osteopenic at the femur neck of the concave hip, 
younger age at diagnosis, menarche not yet started, lower Risser grade and greater 
initial Cobb angle were the risk factors identified in predicting curve progression of 
AIS girls. However, the anthropometric parameter did not show to have predictive 
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power in curve progression. The odd ratio for each risk factors were: 4.8 for initial 
Cobb angle between 30°-39〜4.7 for lower Risser grade (grade: 0-1), 4.6 for initial 
Cobb angle greater than 40。，2.5 for patient who has not started their menarche, 2.3 
for low bone mass, 2.1 for younger age group (11-13 years of age), and 1.2 for initial 
Cobb angle between 20°-29°. The equation of the B M D inclusive model was 
established: Logit (P) = -1.65 + 0.81 osteopenia at concave femur neck + 0.72 
younger age (11-13) + 0.91 menarche not yet started + 1.54 lower Risser grade 
(0-1) + 0.19 Cobb between 20。_29。+ 1.56 Cobb between 30。-39。+ 1.52 Cobb 
between >40。. The area under R O C curve of the model was 0.80 (p<0.01). 
This is the first study to show that osteopenia is one of the important prognostic 
factors in predicting curve progression in AIS girls. A new predictive model - “BMD 
inclusive model" was established. The accuracy of the B M D predictive model 
showed a fairly good result. In addition to the well-known prognostic factors, such as 
age, menses and initial Cobb angle, bone density measurement at the time of 
diagnosis might serve as an additional objective measurement in predicting curve 
progression in AIS girls. The clinical significance of this finding is that identify 
patient who are osteopenic may in the future help physician in the planning and 
possible interventional treatment of the osteopenia which may affect the natural 
progression of the scoliosis deformity. 
Submitted by Hung Wing Yin, Vivian 
for the degree of Master in Philosophy 
at the Chinese University of Hong Kong in May, 2004 
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ABSTRACT (in Chinese) 
摘要 
青少年特發性脊柱側凸(AIS)是病因尚未明確的三維畴形0青少年特發性脊 
柱側凸患者腰椎或體部的骨量減低以及人體測量參數的異常已被廣泛報導。有 
研究表明AIS患者青春發育期綺形顯著進展的可能性。但是關於骨質疏鬆和脊 
柱側凸崎形的進展兩者之間的聯繫還沒有報導。本研究試圖探討：（1)骨量降 
低與崎形進展的關係，（2)人體測量指標上的過度生長與畴形進展的關係，（3) 
可以客觀評估的骨量減低是否可以作為青少年特發性脊柱側凸崎形進展的一個 
預測因素，（4)建立AIS女性患者崎形進展的預測模型。 
324名未經治療的AIS女性患者年齡11至16，所有患者原始Cobb角度大 
於10。。採用雙能X線吸收計量儀（DXA)在患者就症時測量脊柱和雙側股骨 
的面積骨密度和骨量。就診時同時用前臂肢體定量電腦掃描（PQCT)測量非優 
勢手繞骨遠端和雙側脛骨容積骨密度。雙下肢骨密度指標根據脊柱側凸側凸方 
向區分凹側凸側體部和脛骨骨密度以便於分析。骨密度和骨量檢測值低於等於 
正常同齡對照組1個標準差分別稱為低骨密度和低骨量。Cobb角增加超過6。 
就定為畴形加重。所有患者平均隨訪時間為2.5年。分析的獨立變數包括：各 
部位年齡校正的面積骨密度、容積骨密度和骨量、確診年齡、月經狀况、校正 
身高、墙正坐高、臂長、家族史、Risser征、崎形類型和原始崎形角度，統計分 
析採用單因素方差分析和邏輯回歸(SPSS Inc., Chicago)。Receiver operating 
— “ ^ ‘ “ iv 
Abstract (Chinese) 
characteristic (ROC)曲線用來判斷模型的精確性。 
單因素分析顯示所有生長相關因素如確診年齡、Risser征和月經狀况（所有 
pcO.OOl)均與畴形進展顯著相關。年齡校正的面積骨密度和骨量指標中和崎形 
進展顯著相關的包括：脊柱骨量（p=0.013)，凸側股骨頸骨密度(p=:0.015)和骨量 
(p=0.013)，凸側Ward三角骨密度(p=0.043)，凹側股骨頸骨密度(p=0.004)，凹 
側轉子間骨密度（p=0.014)，凹側Ward三角骨密度（p=0.002)。凸側脛骨 
tBMDage-adjusted ( p = 0 . 0 3 7 ) a nd iBMDage-adjusted ( P = 0 . 0 1 8 ) 與 凹 側 脛 骨 iBMDage-adjustecl 
(p=0.027)同樣被發現和畴形進展有關。側凸類型（p=0.008)和初始角度 
(pcO.OOl)和進行進展顯著相關，但是所有的人體測量學指標包括襟正坐高，襟 
正高度，臂長以及家族史和綺形進展沒有明顯相關。 
邏輯回歸分析顯示凹側股骨頸的低骨密度，低齡發病，月經未至，低Risser 
分級以及初始Cobb角較大是女性AIS患者崎形進展的重要危險因素。通常人 
體測量指標並沒有顯示出對碑形進展的預測能力。各預測指標的風險因數為 
4.8 for 初始 Cobb 角 30。-39。，4.7 for 低 Risser 分級（grade: 0-1)，4.6 for 初 
始Cobb角大於40。，2.5月經未至，2.3低骨密度，2.1低齡組（11-13歲），及 
1.2 初始 Cobb 角 20。-29。。包含BMD 的預測模型為：Logit(P) = -:L65 + 0.81 凹 
側股骨頸骨密度+ 0.72低齡（11-13) + 0.91月經未至+ 1.54低Risser征（0-1) 
+ 0.19 Cobb 角 20。-29。+ 1.56 Cobb 角 30。-39。+ 1.52 Cobb 角 >40。° 該模型 
ROC曲線下面積為0.80 (pcO.Ol). 
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本研究首次提出凹側股骨頸的低骨密度，確診時年齡低（11 一 13歲）、Risser 
較低、月經未至以及原始綺形較大’女性AIS患者畴形進展的重要預測因素。 
一個全新的預測模型“BMD包含模型”得以建立。 B M D預測模型經過精碟性 
評估結果滿意。除了年齡、月經狀况、Risser征和原始時形角度這些已知判斷指 
標外，本研究發現就症時的骨質密度狀況也是判斷女性AIS患者崎形進展的客 
觀指標。針對骨質疏鬆治療可能會影響脊柱崎形的自然進程，因此這一發現有 
重要的臨床意義，可以指導臨床•生關注AIS患者的低骨密度問題，並採取適 
當措施防止低骨量加重綺形的進展° 
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I. Introduction 
1.1. Scoliosis 
Scoliosis is a 3-dimensional spinal deformity characterized by both vertebral 
rotation and lateral curvature greater than 10° as measured by the Cobb method on a 
standing radiograph (http://www.srs.or^) (Figure 1-1). 
1.1.1. Classification of scoliosis 
Scoliosis can be classified as non-structural and structural ones. Non-structural 
scoliosis includes postural scoliosis, hysterical scoliosis, nerve root irritation induced 
scoliosis, inflammatory induced scoliosis, leg length discrepancy related scoliosis, 
and scoliosis induced by contractures around hip. Structural scoliosis can be in the 
form of congenital, idiopathic, neuromuscular, neurofibromatosis, mesenchymal 
disorders, rheumatoid disease, trauma, extraspinal contractures, 
osteochondrodystrophies, infection of bone, metabolic disorder, problem in 
lumbosacral joint and tumors {Winter 1994). 
1.1.2. Idiopathic scoliosis 
Idiopathic scoliosis is the most common of all types of structural scoliosis 
mentioned above. There are three types of idiopathic scoliosis based on the age of 
onset: infantile (0 to 3 years of age), juvenile (4 to 9 years of age), and adolescent 
idiopathic scoliosis (AIS) (age from 10 to maturity around age 16) for girls (Sanders 
et al 2003). 
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1.1.3. Clinical examination 
The clinical diagnosis of scoliosis is commonly made in adolescence during a 
screening examination in school where the Adams forward bending test is 
accomplished by having the subject flex forward until the spine becomes parallel to 
the horizontal plane {Bunnell 1984). The examiner then searches for paravertebral 
deformity. A scoliometer is normally used to quantify the magnitude of the rib 
deformity, which measures the angle of trunk rotation (ATR). Patients whose forward 
bending examination shows significant paravertebral rotation and with ATR of more 
than 5。are recommended to refer to spine surgeons. Routine standing 
postero-anterior (PA) and lateral radiograph is taken for examining the curve and for 
monitoring the curve progression. 
1.1.4. Curve pattern 
The curve pattern is defined by the location of the apex vertebrae. There are 
four major curve types: thoracic, lumbar, thoracolumbar, and double major 
(Weinstein 1994). About 90% of the thoracic curves are of right convexity, which 
involving an average of six vertebrae with apex level at T8, T9. 70% of the lumbar 
curves are left convexity, which involving an average of five vertebrae with apex 
level at LI, L2. 80% of thoracolumbar curves are of right convexity which involving 
an average of six to eight vertebrae with apex level at Til, T12. In double curve, 
90% contains right thoracic convexity and left lumbar convexity. For the thoracic 
component, it involves five vertebrae on average with apex level at T7. For the 
lumbar component, it also involves five vertebrae with apex level at L2 (Figure 1-2). 
Other less common curve patterns include the cervicothoracic, double-thoracic and 
thoracic thoracolumbar (Weinstein 1999). 
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1.2, Etiology of AIS 
AIS accounts for approximately 80% of all types of idiopathic scoliosis 
(Morcuende and Weinstein 2003). The etiology of AIS remains unknown in the 
present time. Many studies suggested that the cause of AIS was generally regarded as 
a multifactorial disorder {Burwell and Dangerfield 2000; Willner 1994; Weinstein 
1994; Lowe et al 2000; Winter and Lonstein 1992). Factors that were suggested to 
be the etiological ones including: genetic {Wynne-Davis 1968; De George and Fisher 
1967; Carr et al 1992), hormonal effects (melatonin-related) (Dubousset and 
Machida 1998; Bagnall et al. 1996; Willner et al 1976) growth disturbances 
(Nordwall and Willner 1975’ Willner 1975; Nissinen et all993), connective tissue 
defect (Pedrini et all973; Taylor et al 1981; Hadley-Miller et al 1994), neural 
mechanism (Maguire et al. 1993; Herman et al 1985; Zadeh et al. 1995), 
thrombocyte abnormalities (Yarom et all982; Muhlrad and Yarom 1982), and 
skeletal muscle abnormalities (Yarom et al 1978; Low et al. 1983; Ford et al 1988). 
Number of genetic studies showed that there was an inherited factor in the 
etiology of AIS. In a survey study, Risenborough and Wynne-Davies (1973) found 
that there was a higher incidence rate in first-degree members of affected families 
(11%) and a more marked drop in second- (2.4%) and third- (1.4%) degree relatives. 
Study of Twins have been reported by Carr (1990) who found that in six twin pairs, 
all monozygous pairs had AIS while only one pair out of three pairs of dizygous pairs 
had AIS. 
The observation that AIS girls are taller than those of the age-matched normal 
controls has led to the possible link between growth-stimulating hormones and the 
etiology of AIS. Willner et al. (1976) demonstrated that the mean fasting growth 
hormone levels and the value of somatomedin A were higher in AIS group. On the 
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Other hand, Skogland et al (1981) found no difference in releasing of growth 
hormone in girls with and without AIS. 
The role of melatonin related to onset of scoliosis was still not clear at this 
moment. Machida's group (Machida et al 1993’ 1995) found that pinealized 
chickens routinely developed scoliosis and the administration of melatonin could 
prevent the development of scoliosis, which however was not repeatable in other 
groups (Bagnall et al. 1996). 
A taller stature in AIS as compared with those of controls has been well 
documented. Willner (1974) observed an increased standing height in AIS girls. 
Drummond and Rogala (1980) reported that there was a late onset of menarche in 
girls with AIS. However, contradictory finding of earlier onset of puberty was found 
by Low et al (1978). 
Abnormalities of the intervertebral disc tissue have been proposed as the 
primary cause of AIS. Pedrini et al (1973) reported that the glycosaminoglycan level 
in the nucleus pulposus in AIS was 25% lower than that of controls. While the 
collagen level was increased in the nucleus pulposus and no abnormalities were seen 
in the annulus fibrosus. Abnormal myeloelectric activities were seen in various 
muscle groups, including the paraspinal, abdominal, gluteal, deltoid muscles, in both 
concave and convex side of curve in scoliosis. Increased myeloelectric amplitude and 
spontaneous activity were observed on the convex side in the supine or prone 
positions under loaded or unloaded conditions (Redford et al. 1969). 
Postural equilibrium has been studied by Sahlstrand et al (1980). Results 
showed that scoliotic patients had an increased sway in both sagittal and lateral 
directions, pointing to poorer postural control than in controls. This difference was 
most pronounced with the eyes closed, which tested the proprioceptive and vestibular 
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functions. 
1.2,1. Prevalence of AIS 
The prevalence rate acquiring AIS is approximately 2% to 4 % (Kane 1977; 
Weinstein 1999; Roach 1999; Weinstein 1994; Lonstein 1995; Cheng et al 2000). In 
patients with smaller curve of around 10°, the ratio of girls to boys is equal, however, 
the ratio of girls to boys increases to more than 3.6:1 in populations with curve 
greater than 20° (Wdn对1999) . There was a rapid growth spurt at the time of 
onset of menarche in girls in comparing with boys. Progression of scoliosis was 
strongly associated with growth spurt, which usually occurred at ages 10 to 13 for 
girls and about 2 years later for boys (Tanner and Whitehouse 1976). The timing of 
this rapid growth was typically gauged by Tanner staging, skeletal age, menarche, 
and Risser sign of iliac apophyseal ossification (Sanders et al. 2003). Due to the 
relatively steady growth velocity in boys, the prevalence rate of AIS may be greater 
in girls than in boys. 
7.2.2. Anthropometric Measurement in AIS 
AIS girls were found to be taller than the age- and sex-matched normal control. 
In scoliosis patients, measurement of standing height is underestimated by the height 
loss due to the lateral spinal curve. Correction equations were developed by Bjure 
and Nachemson in 1973 (Bjure and Nachemson 1973). Using a height correction, 
increased in standing height in AIS girls in difference populations have been reported 
{Willner 1974\ Buric and Momcilovic 1982; Leong et al. 1982; Nicolopoulos et al 
1985; Shohat et al 1988). Increased corrected sitting height has also revealed in AIS 
girls, especially at age of less than 14 (Buric and Momcilovic 1982; Leong et al 
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1982; Nicolopoulos et al 1985). However, there was a study showing that increased 
corrected height did not reveal in AIS girls who started their menarche more than one 
year {Normelli et al. 1985). Longer arm span was found in AIS patients as compared 
with normal controls {Burwell 1977). 
1.2.3. Bone mass 
Bone mass reaches a maximum about 10 years after linear growth stops, probably 
begins to decrease in the forth decade, and declines to half its maximum value by the 
age of 80 (Birdwood 1996) (Figure 1-3). The initial development of bone is a crucial 
phase, usually considered only in terms of growth in height. In adolescence, the 
strength of bone whether grows normally is seldom questioned. 
In principle, skeletons consist of cortical bone and trabecular bone. The 
proportions of cortical and trabecular bone differ at the different sites. In the lumbar 
spine, trabecular bone comprises more than 66% of the total bone. In the 
intertrochanteric region of proximal femur, bone is comprised of 50% cortical and 
50% trabecular. In the femoral neck region, the bone is 75% cortical and 25% 
cancellous. In contrast, in the mid shaft of the radius more than 95% of the bone is 
cortical bone. The differences are most likely to reside in the different environments 
of the bone cells in cortical or cancellous bone {Mundy 1999). 
1,2.4. Bone mineral density measurements 
Bone mineral density (BMD) can be assessed quantitatively by different types 
of non-invasive densitometries including: Singh index, single photon (SPA) and dual 
photon absorptiometer (DPA), dual energy x-ray absorptiometry (DXA), axial and 
peripheral quantitative computed tomography (aQCT and pQCT) {Genant et al 1996; 
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Adams 1998; Fuerst et al. 1998; Grampp et al 1997; Ruegsegger 1996; Riggs and 
Melton 1995). D X A has been widely used in clinical assessment of osteoporosis, as 
well as for pediatric studies (Giampietro et al. 2003; Abes et al. 2004; Adams 1998). 
D X A is a planar technique based on projections. An X-ray beam at two different 
energy levels scans the area of interest, mostly the lumbar spine and the proximal 
femur. Parameters can be obtained from a D X A measurement including: bone 
mineral content (BMC), in gram, which is calculated from the two absorption 
profiles, bone area in centimeter square, and areal B M D (aBMD), in g/cm^, which is 
calculated from the measured bone mass (BMC) over the bone area (Fuerst et al 
1998). Quantitative computed tomography (QCT) is technique for measuring 
volumetric B M D (vBMD) in mg/cw? and allows to evaluate the cortical and 
trabecular of bone separately. While axial QCT (aQCT) measures spinal v B M D and 
peripheral QCT (pQCT) measures distal extremities {Ruegsegger 1996). 
1.2.5. Osteopenia in AIS 
The association between osteopenia or low bone mass and idiopathic scoliosis 
was first reported by Burner in 1982 {Burner et al. 1982). Similar findings were 
reported in different ethnic groups, mostly by our group (Velis et al 1989; Thomas et 
al. 1992; Carter and Haynes 1987; Matzen et al. 1984： Cheng and Guo 1997; Cheng 
et al. 1999; Cheng et al. 2000; Soucacos et al. 1998). Cook et al. {Cook et al 1987) 
measured B M D of 44 AIS girls by using DPA. They found that there was a 
significantly lower B M D at spine and generally lower B M D at femoral neck in AIS 
than that of the healthy controls. Five year later, same group of patients from Cook's 
study were follow-up on average for 30 months and low B M D in both initial and 
follow-up evaluations were demonstrated in AIS patients {Thomas et al 1992). 
— - 7 
Chapter 1 - Introduction 
Similarly, Cheng et al. (Cheng 1999) showed persistent osteopenia at follow-up 
evaluation and the acquisition of B M D in AIS group was significantly slower than 
normal controls (Figure 1-4). The prevalence of osteopenia in AIS was ranged from 
2 7 % to 3 8 % {Cheng and Guo 1997; Cheng et al. 2000; Thomas et al 1992; Courtois 
et al. 1999). Presence of osteopenia was found a generalized skeletal event, not only 
in the spine but also in proximal femur and distal tibia {Cheng et al. 2000; Velis et al. 
1989; Burner 1982). Cheng and Guo (1997) reported that the level of B M D did not 
correlate with curve pattern and Cobb which implied that osteopenia might be 
already present before progression of spinal deformity. Thus, osteopenia in AIS 
appeared to be a primary problem rather than secondary change results from back 
deformity. Snyder et al. {1995) compared the spinal B M D of untreated AIS and 
patients with bracing. Their results showed that brace use did not appear to adversely 
affect bone mass at the spine or hip (Snyder et al 1995). 
13, Natural history of AIS 
Most AIS patients live normally without functional limitations or pain (Roach 
1999). However, progressive curve may be associated with both pulmonary problems 
and back pain. Studies on pulmonary function of the untreated AIS patients 
demonstrated that only in patients with thoracic curve revealed a direct correlation 
between decreased pulmonary function and increasing curve severity {Weinstein 
1994). Thoracic curves more than 100° have been shown to decrease forced vital 
capacity which may lead to restrictive lung disease {Weinstein et al 1981). In curve 
of 40。to 50。，AIS showed similar incidence of intermittent back pain as compared 
with the general population. In the Iowa long-term follow-up study, there was 80% 
complained of backache. In the group of age- and sex-matched control, 86% reported 
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backache (Weinstein et al 1981). 
1.3.1. Curve progression 
Progression of scoliosis can be thought of as occurring at two distinct rates 
during two different periods of a person's life: relatively rapid progression during 
adolescence {Lonstein and Carlson 1984; Bunnell 1986; Yamauchi et al. 1988; 
Peterson and Nachemson 1995; Soucacos et al 2000) and slow and steady 
progression throughout adult life {Weinstein and Ponsenti 1983; Ascani et al 1986). 
The possibility of slow progression over 40 years cannot be ignored when 
considering the natural history and when deciding which children should be treated 
(Bunch and Pathwardhan 1989). 
Up to know, all relevant studies suggest that the progression of scoliosis of any 
etiology is strongly associated with the growth spurt, which usually occurs at ages 10 . 
to 13 for girls and about 2 years later in boys {Tanner and Whitehouse 1976) (Figure 
1-5). The timing of this rapid growth is typically gauged by secondary sex 
characteristics (Tanner staging), skeletal age, menarche, and most commonly in 
orthopaedics by the Risser sign of iliac apophyseal ossification {Sanders et al 2003). 
There were numerous factors that were related to curve progression in scoliosis. 
Factors including: growth related factors (chronological age, menses, Risser sign), 
curve related factors (magnitude of the curve, curve pattern, Mehta angle, rotation of 
apical vertebra, level of apical vertebra, Harrington factor), level of platelet 
calmodulin, family history, gender and level of melatonin {Lonstein and Carlson 
1984; Bunnell 1986; Yamauchi et al 1988; Peterson and Nachemson 1995; 
Soucacos et al. 2000; Weinstein and Ponseti 1983; Ascani et al 1986; Meyer et al 
1987; Kindsfater et al 1994; Wang et al 1998; Fagan et al. 1998). However, these 
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findings were not always consistent and conclusive or even controversial. The 
well-accepted risk factors in progression can be summarized as the following points: 
(1) the younger the patient at the time of diagnosis, the greater the risk of progression. 
(2) There is a greater risk of progression before the onset of menarche in females. (3) 
The lower the Risser grade at curve detection, the greater the risk of progression. (4) 
The larger the initial magnitude of the curve, the greater the risk of progression 
{Weinstein 1994; Ascani et al 1986; Lonstein and Carlson 1984; Bunnell 1986; 
Yamauchi et al 1988; Peterson and Nachemson 1995; Soucacos et al. 2000; 
Weinstein and Ponseti 1983; Sanders et al. 2003; Weinstein 1999; Willner and Uden 
1982). 
The definitions of curve progression vary but typically use a defined angle of 
progression measured from a standing 6-feet posteroanterior radiographs. However, 
even with careful radiological techniques, fine-tipped pencils, and a detailed 
protractor, the inter-observer measurement error is rather large, between 5。to 10° 
(Roach 1999). In defining significant curve progression, Lonstein and Carlson (1984) 
used 10° for curves 11° to 19° and 5。for curves 20° to 29°. Peterson and Nachemson 
{Peterson and Nachemson 1995) used 6。，while Bunnell {1986) used both 5° and 10。. 
Lonstein and Carlson {1984) evaluated the probability of progression based on Risser 
grade (Table 1-1). They found that risk at curve progression decreased with 
increasing skeletal maturity. However, in spite of maturity factors, there may be a 
considerable risk of progression when it comes to the larger magnitude of curvature 
{Lonstein and Carlson 1984). They also revealed that incidence of progression of 
curve under 29° correlated well with growth and maturity. For curves of 20° to 29° in 
an immature child, the incidence of progression was 68 percent. While for curve 
under 19° in a mature adolescent, the incidence of progression was as low as 1.6 
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percent. However, the prognosis was based on not only growth potential, but also 
curve severity. For a smaller curve (<19。）in an immature child, and a larger curve 
(20"^  to 29。）in a mature child, the incidence of progression was reported to be 
approximately the same at 22 to 23 percent {Lonstein and Carlson 1984). This was a 
classical and carefully evaluated study using complication of those variables for the 
prognostication and effectiveness of treatment of curve progression. These figures 
are used as the natural history of incidence of progression in clinical practice. 
1.3.2. Treatment of scoliosis 
Treatment of scoliosis can be divided into conservative and operative treatments. 
Observation is needed for AIS patients with little deterioration of curve {Reamy and 
Slakey 2001; Pinto et al 1994; Roach 1999). The currently available active therapies 
of AIS subjects are non-invasive orthotic spinal bracing and surgery. Appropriate 
bracing at the early stage is effective in certain proportion of cases in arresting curve 
progression rather than correcting the curvature during the rapid adolescent growth 
phase. However, the brace was recommended to wear for over 20 hours a day until 
the skeletal maturity {Carr 2003). Spinal surgery with instrumentation corrects a 
significant part of the deformity and hopefully stops further progression of the 
scoliotic curve. Current consensus is that surgery should be performed for curves 
greater than 40° to 45° when there is growth remaining (Roach 1999; Pinto et al. 
1994). Many implants are available to provide excellent stability and strong 
corrective forces to spinal column (Bridwell 1997). Modem surgery is accompanied 
by spinal cord monitoring using somatosensory and motor-evoked potentials, thereby 
decreasing the rate of neurological injury {Reamy and Slakey 2001). Back pain after 
a spinal fusion does occur, and the risk of developing this complication seems to be 
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related to several factors. The more distal into the lumbar spine the fusion extends, 
the greater the incidence of back pain. Failure to maintain normal lumbar lordosis is 
associated with a higher rate of back pain. 
1,4, Research questions 
Based on the literature reviews, generalized osteopenia, greater corrected 
standing height and longer arm span were manifested in AIS girls. Curve progression 
in scoliosis mainly occurs at the time of peri-pubertal rapid growth, sever curvature 
may lead to cardiopulmonary failure. Therefore, to find out the relevant potential risk 
factors associated with curve progression is an important issue for physicians to 
provide appropriate treatment for patient of high risk of progression. Immaturity and 
greater curve severity are the well-known prognostic factors in curve progression. 
However, the associations between curve progression and poor bone quality and 
anthropometric abnormalities are however lacking, such as does osteopenia and 
abnormal anthropometries associated with curve progression? Do these factors have 
predictive values on progression in AIS? 
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1.5. Objectives 
The objectives of this study therefore are defined as: 
- To investigate the association between osteopenia and the incidence of curve 
progression in AIS girls 
- To investigate the associations between the incidence of curve progression and 
overgrowth, manifested by longer arm span, greater corrected standing and 
sitting height, in AIS girls 
- To identify the prognostic factors for predicting curve progression in AIS girls 
- To develop a predictive model for the prognostication on curve progression in 
AIS girls by combining to-be-identified skeletal and non-skeletal risk factors 
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Figure 1-1. The 6-feet standing posteroanterior (PA) radiograph of a AIS scoliotic 
spine. 
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Figure 1- 2. Diagrammatic illustration of the major curve types in scoliosis。 
(a) Thoracic curve, (b) Lumbar curve, (c) Thoracolumbar curve。（d) Double curve. 
(Adoptedfrom http://www.rad Washington。edu/mskbook/scoliosis. html) 
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Figure 1-3。Changes in bone mass with age. 
The peak bone mass is attained in early adulthood but then steadily declines in both 
men and women. Rapid loss of bone mass during late stage may be due to adverse 
factors. (Adoptedfrom Birdwood et al 1996) 
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Figure 1- 4。The initial and final bone mineral density (BMD) in each follow-up 
patient compared with controls。 
(Adoptedfrom Cheng et al 1999) 
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Figure 1-5。Growth velocity (dotted line) plotted against angulation of the curve in 
560 patients followed by Duval-Beaupere。 
Note that the acceleration of curve increase occurs simultaneously with the 
accelerated growth. (Adoptedfrom Sanders et al 2000) 
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Table 1- 1. Incidence of progression of untreated adolescent idiopathic scoliosis 
correlated with the curve magnitude and Risser sign. 
(Adopted from Lonstein et al 1984) 
Curve Magnitude 
Risser sign  
20。- 29° 
0-1 ~ ~ ^ ^ 
2-4 、 1.6% 23% 
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II. Methodology 
2.1 Study Design 
This was designed as a prospective longitudinal study consisted of 350 AIS 
patients within the age range of 11 to 16. The clinical follow-up was on average 2.5 
years and X-ray was taken in every 6 months. All other parameters including: 
chronological age, self-reported menstrual status, Risser grade, B M D measurements, 
anthropometric measurements, curve severity, curve pattern and family history, were 
recorded at the time of diagnosis that served as baseline measurements. 
2.2 Subject recruitment 
2.2.1 AIS patients 
Three hundred and fifty AIS girls were recruited into the study at the Scoliosis 
Clinic in the Prince of Wales Hospital, the teaching hospital of the Chinese 
University of Hong Kong. Diagnosis of AIS was confirmed by radiological and 
clinical examinations. 
2.2.2 Inclusion criteria 
AIS girls without receiving any treatment or failed to comply brace and with 
initial Cobb angle of at least 10° were included into this study (Figure 2-1). 
2.2.3 Exclusion criteria 
Patients with congenital scoliosis, neuromuscular scoliosis, leg length 
discrepancy induced scoliosis, skeletal dysplasia, connective tissue abnormalities and 
20 
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any kind of spinal deformities other than idiopathic scoliosis were excluded from this 
study. Patients who received brace treatment started from the first clinical follow-up 
and with good compliance will be excluded. Patients who received surgical treatment 
at the time of the first follow-up or taking medications known to affect bone 
metabolism, or had history of non-traumatic fracture will also be excluded from this 
study. 
2 patients were excluded because they were confirmed as non-AIS after X-ray 
assessment to have Cobb angle less than 10。(1 patient had 5° and another patient had 
7°). Therefore, 348 AIS patients were remained in the study. 
2,2.4 Informed consent 
Consents for participating this study (Appendix I) were given to the patients and 
their parents before all the examination and measurements were conducted. 
2.3 Grouping for chronological age 
All patients were divided into six groups according to the chronological age: 
age 10.5-11.4 was defined as age group of 11; age 11.5-12.4 was defined as age 
group of 12; age 12.5-13.4 was defined as age group of 13; age 13.5-14.4 was 
defined as age group of 14; age 14.5-15.4 was defined as age group of 15; and age 
15.5-16.4 was defined as age group of 16 for analysis. 
2.4 Radiography assessments 
2.4.1 Cobb angle measurement 
A 6-feet standing posterio-anterior (PA) spinal radiography was taken at the 
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time of clinical diagnosis (Figure 2-2). The degree of curve was measured by Cobb 
method. The vertebra that the curve begins and ends should be identified. The angle 
between intersecting lines of the top of the upper vertebra and the bottom of the 
lower vertebra of the curve is the Cobb angle (Lonstein 1995) (Figure 2-3). 
2.4.2 Curve pattern 
Curve pattern was identified according to the apical vertebra. The four different 
categories most commonly used to describe were: thoracic curve, lumbar curve, 
thoracolumbar curve and double curve {Lonstein 1995) (Figure 2-4). 
2.4.3 Risser grade 
Maturity can be reflected by the Risser grade of iliac apophyseal ossification 
{Sanders et al 2003). Ossification of the iliac apophysis starts at the anterior superior 
iliac spine and progresses posteromedially. The iliac crest is divided into quadrants, 
and the stage of maturity is designated as the number of ossified quadrants. Risser 
grade includes: 0 (ossification of the iliac apophysis cannot be seen); 1 (about 25% 
ossification); 2 (about 50% ossification); 3 (about 75% ossification); 4 (about 100% 
ossification); 5 (iliac crest is fused) {Lonstein 1995) (Figure 2-5). 
2.5 Definition of curve progression 
Increment of at least 6。Cobb angle in any two sequential radiographs was 
defined as curve progression {Peterson and Nachemson 1995) (Figure 2-6). 
Any increment of Cobb angle less than 5。within the period of at least one year 
was count as stable curve. (Figure 2-7) 
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2,6 Bone mineral density (BMD) measurements 
2.6.1 Dual energy X-ray Absorptiometry {DXA) 
D X A measurement is two-dimension projectional measurements in assessing 
bone mineral density non-invasively (Genant et al. 1996), B M D measurement of the 
lumbar spine (L2-4) and bilateral proximal femurs were performed by D X A (XR-36, 
Norland Medical System, Inc., USA). The proximal femur was subdivided into three 
different regions including femur neck, greater trochanter and ward's triangle. Areal 
B M D (aBMD), in g/cm^ was calculated by the B M C divided by the detected bone 
area (Fuerst et al 1998). 
A special scanning program, namely research scan, was used to measure the 
scoliotic spinal B M D . Research scan provided a scout scan which helped to locate 
the 'curved' lumbar spine in anterioposterior (AP) view and with the resolution of 
1.0mm X 1.0mm. Patient's leg was lifted by the Leg Rest block, which was provided 
by the manufacturer. Patient was positioned so that the thighs rested comfortably at a 
90。angle on the leg rest while the spine was straightened (Figure 2-8). A pre-scan 
was performed to identify the target area of L2-4. An angulated analysis tool, which 
is specially designed for scoliosis research and allowed to manually adjust the region 
of interest to fit the angulated L2-4 (Figure 2-9). 
A standard hip scan program was used to measure the bilateral proximal femora. 
Medial rotation of the leg was assured by the Norland "Femoral Rotating Fixture" 
(Figure 2-10) in order to expose the entire trochanter area in AP view. The B M D of 
the femur neck, greater trochanter and Ward's triangle were automatically evaluated 
(Figure 2-11). 
Daily calibration was done to ensure that the precision and accuracy of the 
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machine was within a definite range. Reproducibility test was performed. 17 patients 
had repeated the spine and hip measurements for 2 times with repositioning. The 
short-term in vivo coefficient of variation (C.V.) for the spine is 1.2% and 1.5% for 
hip scans. 
2.6.2 Peripheral quantitative computed tomography (pQCT) 
pQCT measurement is a three dimensional scan on volumetric B M D (vBMD) of 
the upper and lower extremities {Ruegsegger 1996) (Figure 2-12). By using a 
multi-layer pQCT (Densiscan 2000, Scanco Medical, Zurich, Switzerland), the 
v B M D in g/cm^of the integral (or total) B M D (iBMD) and the trabecular bone 
compartment (tBMD) were measured. Non-dominant distal radius and bilateral distal 
tibia were selected for the pQCT measurements. Hand and legs were positioned on 
the specific radiolucent casts to avoid motion artifacts during measurements (Figure 
2-13). The resolution of the scans was 0.3mm. A four-slice standard program with 1 
m m slice thickness was used to measurement the iBMD and tBMD of the distal 
extremities (Figure 2-14). 
A standard phantom measurement was performed daily, which was reported to 
have a long-term reproducibility of 0.3% in mixed collectives {Ruegsegger 1996). 
Reproducibility test was performed. 11 AIS patients had repeated measurement for 
both distal radius and distal tibia with repositioning. The short-term in vivo C.V. for 
tBMD and iBMD of distal radius, tBMD and iBMD of distal tibia were 1.52%, 
1.65%, 0.82% and 0.99% respectively. 
2.6.3 Definition of osteopenia or low bone mass 
All the bone-related parameters (aBMD, B M C and vBMD) were adjusted by 
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age and sex-matched normal control from our local population database of both D X A 
and pQCT machines {Cheng et al 1999, Cheng et al 2000). The age-adjusted B M D 
parameters were calculated by the following equations: 
(1) Age-adjusted B M D = (Measured B M D - B M D of the normal control)/ 
standard deviation of the normal control 
(2) Age-adjusted B M C 二（Measured B M C - B M C of the normal control)/ 
standard deviation of the normal control 
Age-adjusted B M D and B M C that below or equal to -1 standard deviation (SD) 
were classified as osteopenia or low bone mass, which was defined in a previous 
study (Cheng and Guo 1997, Cheng et al 2000). 
Bilateral hips, measured by both D X A and pQCT, were re-defined as 
concave-side and convex-side hip and tibia according to the convexity of the primary 
curve for data analysis (Hans et al 1996) (i.e., if the patient had a right thoracic 
curve, which means that her right hip is defined as convex-side hip, while the left hip 
is defined as concave-side hip). For triple or double curves that have same curve 
magnitude in more than one curve will then re-defined as concave-side and 
convex-side hip and tibia according to the convexity of the curve that had the 
greatest magnitude of progression. 
2.7 Anthropometric measurements 
2.7.1 Body height 
Body height was measured by a wall-mounted stadiometer (Technical Service 
Unit, The Chinese University of Hong Kong) in an upright position. Patients were 
asked to wear off the shoes and the back was in contact with the stadiometer. They 
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were instructed to keep their eyes looking forward in the horizontal plane as the 
external auditory meatus (Frankfurt plane). Measurement was then taken when the 
body stature was also fully stretched. The reading was recorded to the nearest 0.1 cm 
(Figure 2-15). In patients with spinal deformity, the measured body height was 
underestimated by the degree of curvature, corrected body height was calculated by 
using Bjure's formula: Log y = O.llx - 0.177; where y is the loss of truck height (in 
cm) due to the spinal deformity, x is the Cobb angle of the primary curve (Bjure et 
a/. 1968). 
Patients were subsequently divided into two groups: patients with age-adjusted 
corrected body height less than 1 SD and greater than or equal to 1 SD was classified 
as normal corrected height and greater corrected height, respectively. 
2.7.2 Body weight 
Body weight was measured without shoes on the electronic scales to the nearest 
0.1k (Figure 2-16). 
2.7.3 Arm span 
Patients were asked to stand with their back and heels contact with the wall and 
their arms fully stretched at horizontal level. Arm span was measured to the nearest 
0.1cm (Figure 2-17). 
Patients were then divided into two groups: patients with age-adjusted arm span 
less than 1 SD and greater than or equal to 1 SD were classified as normal arm span 
and longer arm span, respectively. 
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2.7A Sitting height 
Sitting height was measured by a Harpenden standiometer (Technical Service 
Unit, The Chinese University of Hong Kong) (Figure 2-18). Patients were asked to 
sit on the table with the back of the knee in contact with the edge of the table and the 
legs loosely hung. Patients were sitting as straight as possible and sitting height was 
measured to the nearest 0.1cm. Corrected sitting height was calculated by Bjure's 
formula as mentioned in the corrected body height. 
Patients were then divided into two groups: patients with age-adjusted corrected 
sitting height less than 1 SD and greater than or equal to 1 SD was classified as 
normal sitting height and greater sitting height respectively. 
2.8 Family history 
Patients were asked for their family history of scoliosis and their family 
relationship was also recorded for reference. 
2.9 Menstrual status 
Self reported menstrual status was asked. Menarche occurred or not yet occurred 
at the time of diagnosis was recorded. 
2.10 Medication and fracture history 
Medication and history of non-traumatic fracture were asked and recorded. 
2.11 Statistical analysis 
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2.11.1 Sample size power calculation 
Sample size calculation was performed by logistic regression power analysis 
using PASS 2002 software (NCSS, Utah, USA). 
2.11.2 Student t test 
Student t test was used to study the differences between the patients with normal 
B M D (age-adjusted BMD〉-l) and osteopenia (age-adjusted B M D < -1)，and, 
normal B M C (age-adjusted BMC〉-l) and low bone mass (age-adjusted B M C < -1). 
2.11.3 Paired t-test 
Paired t-test was used to compare the femoral neck B M D on both side of the 
same patient and to determine whether the differences were related to the convexity 
of the curve. 
2.11.4 Predicting the incidence of curve progression 
2.11.4.1 Predictive outcome 
Incidence of curve progression: a cut off value was used {Courtois et al 1999) 
where ‘Yes, for defining an increment of Cobb angle > 6° and ‘No，for any increment 
of Cobb angle < 6°. 
2.11.4.2 Potential risk factors 
The potential risk factors that were used for analysis were summarized in Table 
2-1. All the potential factors can be classified into five categories: growth related 
factors, skeletal (BMD) related factors, curve related factors, anthropometric factors 
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and hereditary factors. 
2.11.4.3 Coding system for categorical variables 
All independent variables were stratified into different categories. Coding 
system was assigned to each variable for statistical analysis. Age at diagnosis was 
subdivided into age 14-16 (Coding 0) and 11-13 (Coding 1)，because growth spurt 
occurs at ages of 11-13 which is a critical period for progression {Sanders et al 2003; 
Peterson and Nachemson 1995). Menstrual status at the time of diagnosis was 
divided into menarche already started (Coding 0) and menarche not yet started 
(Coding 1). Risser grade were subdivided into grade 2-5, which reflects the maturity 
(Coding 0) and grade 0-1, which reflects the pre-maturity (Coding 1). aBMD, v B M D 
and B M C of the skeletal related parameters were divided into normal B M D 
( B M D a g e - a d j u s t e d > " 1 ) (Coding 0 ) 0 1 normal B M C ( B M C a g e - a d j u s t e d 〉 - l ) and 
osteopenia ( B M D a g e - a d j u s t e d <-l) or low bone mass ( B M C a g e - a d j u s t e d <-l) (Coding 1). 
Initial Cobb angle were divided into 10。-19。(Coding 0)，20。-29。(Coding 1)， 
30。-39° (Coding 2), >40° (Coding 3). Curve pattern were divided into lumbar curve 
(Coding 0), thoracic (Coding 1), thoracolumbar (Coding 2), triple (Coding 3). For 
anthropometric variables, there were studies reported that AIS girls had significantly 
greater corrected body height, sitting height as well as arm span (Willner 1974; Buric 
and Momcilovic 1982; Leong et al 1982; Nicolopoulos et al 1985; Shohat et al 
1988; Burwell 1977). Therefore, age-adjusted height and arm span was calculated 
and -1 SD was used as the cut off to classify the abnormality from the normal. 
Corrected body height and corrected sitting height were divided into normal height 
(age-adjusted height < 1) (Coding 0) and greater height (age-adjusted height > 1) 
(Coding 1), while arm span was divided into normal arm span (age-adjusted arm 
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span < 1) (Coding 0) and longer arm span (age-adjusted arm span > 1) (Coding 1), 
Family history was divided into “No，，，who had reported not to have family history of 
scoliosis (Coding 0), “Yes，，who had reported to have family history of scoliosis 
(Coding 1). Table 2-2 summarized the coding for each independent variable. 
2.11.4.4 Univariate analysis 
Chi-square test (x^ ) was used to study the association between curve progression 
and each independent variable. Those factors with association with curve progression 
with p value of less than 0.2 in Chi-square test were entered into the regression 
model {Wong et al. 2003). A p value of less than 0.05 was considered to indicate 
statistical significance. 
2.11.4.5 Logistic regression 
All the independent variables were baseline measurement used as predictive 
factors for predicting the incidence of curve progression. Logistic regression can be 
used to predict a dependent variable (in this case, curve progression) on the basis of 
independents and to determine the percentage of variance of the dependent variable 
explained by the regression and to rank the relative importance of independents. 
Logistic regression applies maximum likelihood estimation after transforming the 
dependent into a logit variable (the natural log of the odds of the dependent occurring 
or not). In this way, logistic regression estimates the probability of the occurrence of 
a certain event. Since none of the algorithms provide the "best" model in any 
statistical sense, different algorithms for variable selection may result in different 
models. Therefore, we examined three regression models and chose the "best" model 
among them on the basis of interpretability, parsimony, and ease of variable 
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acquisition. The three regression models were named as B M D inclusive model, B M C 
inclusive model and conventional model. Conventional model, which contained all 
the well-known predictors, was served as a reference for comparison of the B M D 
and B M C inclusive models in our local population. 
Stepwise backward elimination method was adopted in the binary logistic 
regression. Likelihood ratio (LR) test was used to determine which variables to be 
removed from the model. This involves estimation of the model with each variable 
eliminated in turn and looking at the change in the log-likelihood when each variable 
is deleted. The likelihood-ratio test for the null hypothesis that the coefficients of the 
terms removed are 0 is obtained by dividing the likelihood for the reduced model by 
the likelihood for the full model. Hosmer and Lemeshow's (H-L) Goodness of Fit 
Test was used to test the null hypothesis that the data were generated by the model. If 
the H-L Goodness-of-Fit test statistic is 0.05 or less, we reject the null hypothesis 
that there is no difference between the observed and model-predicted values of the 
dependent. If the H-L Goodness-to-fit test statistic is greater than 0.05, as we want 
for well-fitted models, we fail to reject the null hypothesis that there is no difference, 
implying that the model's estimates fit the data at an acceptable level. 
All independent variables that reached the p value of less than 0.2 in Chi-square 
test were entered into the regression model for analysis {Wong et al 2003). The 
model started with all the independent variables, and then at each step, variables 
were evaluated for removal step by step. The algorithm then assessed which of the 
independent variables in the model was least important in accounting for the 
outcomes, and removed it from the model. The process was repeated until all the 
remaining variables were significantly associated with the outcome. The independent 
variables remained in the last step of the regression model represented the prognostic 
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or risk factors in predicting the dependent outcome. Odd ratio was obtained in the 
model which explained the relative importance of independents. A p value of less 
than 0.05 was considered to indicate statistical significance. 
2.11.4.6 Receiver operating characteristics (ROC) curves 
Receiver operating characteristic (ROC) curves is a graphical technique to 
evaluate the results of clinical prediction rules. It provides information on the 
relationship between the sensitivity and specificity of a clinical test for a variety of 
different cut-off points, thus allowing the determination of an optimal cut-off point 
{O'Connell and Myers 2002). The sensitivity is the probability of the test being 
positive provide this is disease case (i.e., number of predicted true positive / total 
number of actually positive cases) , while specificity is the probability of the test 
being negative provide this is not a disease case (i.e., number of predicted true 
negative / total number of actually negative cases) (Figure 2-19). An R O C curve is a 
plot of the true positive rate against the false positive rate for the different possible 
cut-off points of a diagnosis test. The closer the curve follows the left-hand top 
border of the R O C space, the more accurate the test which the curve comes to the 
45-degree diagonal of the R O C space, the test will be less accurate. The area under 
the curve (AUG) is a measure of text accuracy. An area of 1 represents a perfect test; 
an area of 0.5 represents a worthless test (http://^im.unmc.edu/dxtests/roc3.htm). 
All statistical analysis was performed by SPSS version 11.0 (SPSS, Chicago, 
IL). 
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Figure 2- 1. Atypical clinical photo of an AIS girl。 
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Figure 2" 2. A typical posteroanterior (PA) standing radiography of a scoliotic spine. 
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Figure 2- 3. Schematic diagram of the method in measuring Cobb angle. 
{Adoptedfrom http://www, rad Washington, edu/mskbook/scoliosis. html) 
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Figure 2- 4. Types of curve pattern of scoliosis. 
(Adoptedfrom http://www. niams.nih.gov/hi/topics/scoliosis/scochild htm)   
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Figure 2- 5 Schematic diagram of Risser grade。 
Ossification of the iliac apophysis starts at the anterior superior iliac spine and 
progresses posteromedially. The iliac crest is divided into quadrants, and the stage of 
maturity is designated as the number of ossified quadrants. Risser grade includes: 0 
(ossification of the iliac apophysis cannot be seen); 1 (about 25% ossification); 2 
(about 50% ossification); 3 (about 75% ossification); 4 (about 100% ossification); 5 
(iliac crest is fused) (Adopted from Lonstein 1995 Chapter 5) 
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(a) (b) 
Figure 2- 6。An example of patient who showed progression in two sequential X-ray. 
(a) Radiograph taken at the initial evaluation, (b) Radiograph taken at the final 
evaluation. 
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Figure 2- 7, An example of patient who did not show progression in two sequential 
X-ray. 
(a) Radiograph taken at the initial evaluation, (b) Radiograph taken at the final 
evaluation. 
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Figure 2- 8。BMD measurement by using D X A 
(Norland XR-36, Norland Medical System Inc., WI, USA)。 
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Figure 2- 9。DXA image of a scoliotic spine at lumbar spine L2-4. 
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Figure 2- 10. Positioning of hip B M D measurement. 
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Figure 2-11。DXA image of the left hip. 
^ _ 一 — 4 3 
Chapter 2 - Methodology 
； 〜 
H i 
• • , , 。 ’ ， … 擁 I ： ？‘••：：-J 
丨广、：、:.：…• … • • W . 鍾 
Figure 2- 12。pQCT machine 
(Densiscan 2000, Scanco Medical, Switzerland). 
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Figure 2- 13. Positioning of distal radius measurement by pQCT. 
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Figure 2-15, Measurement of standing height. 
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Figure 2- 16。Measurement of body weight。 
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Figure 2- 17. Measurement of Arm span. 
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Figure 2- 18. Measurement of sitting height. 
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Table 2- 1. List of the potential risk factors for analysis. 
Growth Skeletal (BMD) Curve related Anthropometric Hereditary 
related factors related factors factors factors factors 
Chronological Magnitude of the Family 
Age-adjusted spinal Corrected body 
age at the time curve at the time history of 
. BMD, BMC height 
of diagnosis of diagnosis scoliosis 
Age-adjusted 
Menstrual Corrected sitting 
convex-side femur Curve pattern 
status height 
neck BMD, BMC 
Age-adjusted 
convex-side 
Risser grade Arm span 
trochanter BMD, 
BMC 
Age-adjusted 
convex-side Ward's 
triangle BMD 
Age-adjusted 
concave-side femur 
neck BMD, BMC 
Age-adjusted 
concave-side 
trochanter BMD, 
BMC 
Age-adjusted 
concave-side 
Ward's triangle 
BMD  
Age-adjusted 
non-dominant 
radius iBMD, 
tBMD  
Age-adjusted 
convex-side tibia 
iBMD, tBMD  
Age-adjusted 
concave-side tibia 
iBMD, tBMD  
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Table 2- 2. Coding system for the independent variables. 
Coding 0 1 一 2 ~~3 
Chronological age 
at the time of 14-16 11-13 
diagnosis 
Not Yet 
Menstrual status Started  
Started 
Risser grade 2-5 0-1 
Normal B M D Osteopenia 
For all 
J. in、，T^ (BMDage-adjusted (BMDage-adjusted 
age-adjusted B M D ” < 1) 
Low Bone 
Normal B M C 
For all Mass 
J. . J T^A^r. (BMCage-adjusted „ 
age-adjusted BMC (BMCage-adjusted 〉-l) 
^  
Initial Cobb angle 10°-19° 20°-29° 3Q°-39° >40° 
Thoraco-
Curve Pattern Lumbar Thoracic Triple 
lumbar 
Normal Body Greater Body 
Height Height 
Corrected Body (Corrected (Corrected 
Height Standing Standing 
Heightage-adjuste Heightage-adjuste 
<_!) ^  
Normal Sitting Greater Sitting 
Height Height 
Corrected Sitting (Corrected (Corrected 
Height Sitting Sitting 
Heightage-adjuste Heightage-adjuste  
^ ^  
Normal Longer 
Arm span Arm span 
Arm span (Arm (Arm 
Spanage-adjuste SpaRage-adjuste 
<1) ^  
Family History of ^ 、， 
No Yes 
Scoliosis  
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Comparing ROC Curves 
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Figure 2- 19。An example of a R O C curve. 
The yellow curve representing an excellent test. The pink curve representing a good 
test and the blue line representing a worthless test, (adopted from 
http://gim. unmc. edu/dxtests/roc3. htm) 
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III. Results 
3,1 Patients Characteristics 
3.1.1 Sample size 
Results of sample size power calculation showed that sample size of 312 
observations had 80% power with a two-tailed a of 0.05 to detect a response 
probability yielding an odds ratio of 1.9. 
3.1.2 Distribution of patient characteristics 
Total numbers of 348 patients, within the age at diagnosis of 11-16 and with 
initial Cobb angle of at least 10。，and who met all other inclusion criteria, were 
recruited into this study. The mean age at diagnosis was 13.5 土 1.2 (Table 3-1). The 
average initial Cobb angle was 25.4。土 8.7 (Table 3-2). The average clinical 
follow-up period was 2.5 ±1.5 years. 
3.13 Drop out 
In the 348 AIS girls, 97 patients were assigned for bracing immediately after 
the first clinical visit with all of them having the initial Cobb angle more than 25°. 
Bracing for 23 hours per day was significantly more effective than those worn 16 
hours or less per day (Rowe et al 1997). Braces that were worn for 8 hours and 16 
hours per day did not differ from the results of the observation group (Rowe et al 
1997), Within those 97 patients, 24 treated cases were fully complied with brace and 
did not show progression. Therefore, these 24 cases were excluded due to the 
bracing effect on the natural progression. While 75 of them worn brace for less than 
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10 hours per day or showed to have progression during treatment, this indicated no 
effect on orthotic treatment and therefore remained in the study. Thus, 324 patients 
remained in the study. 
3.1.4 Prevalence of osteopenia (BMDage-adjusted and low bone mass 
(BMCage-adjusted 
The average prevalence of osteopenia was 24.4% and low bone mass was 
23.8% of AIS patients measured by DXA. The average incidence of osteopenia of 
tBMD was 28.5% and iBMD was 25.4% obtained from pQCT measurement. The 
breakdown of the incidence of osteopenia or low bone mass for each measuring site 
was summarized in Table 3-3 (DXA) and Table 3-4 (pQCT). 
3.1.4 Comparison between the BMD of the bilateral hip and tibia 
The bilateral hip and tibia were categorized according to the curve side as 
mentioned in the Methodology section {refer to p.26-27). The major curve that has 
the greatest Cobb angle was first defined. If the major curve is a left curve, then the 
left side of the hip and tibia were defined as convex-side hip and tibia, while the 
right hip and tibia were accordingly defined as concave-side hip and tibia {Hans et 
al 1996). The results of the comparison between convex-side and concave-side hip 
and tibia showed that femur neck and trochanter of the concave-side hip were 
significantly greater than convex-side hip. However, the bilateral sides of distal tibia 
showed no statistically significant differences (Table 3-5). 
3,2 Comparison of AIS patients with osteopenia and with normal bone status 
Results showed that AIS patients with osteopenia were characterized with 
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significant older age, shorter corrected standing and sitting height, shorter arm span, 
later age of starting the menarche, and greater initial Cobb angle (Table 3-6). 
33 Univariate analysis 
3.3.1 Growth related factors 
Results showed that age at diagnosis (Figure 3-1)，menstrual status (Figure 3-2) 
and Risser grade (Figure 3-3) (all, pcO.Ol) were significantly associated with the 
incidence of curve progression. Table 3-7 summarized the results of Chi-square test 
for the association between incidence of curve progression and growth related 
factors. 
3.3.2 Skeletal related parameters (areal BMD, volumetric BMD and BMC) 
3.3.2.1 D X A lumbar spine 
Results showed that age-adjusted BMCage-ad jus ted (X^； p=0.013) (Figure 3-4) 
were significantly associated with incidence of curve progression. However, 
age-adjusted spinal B M D (x^ ; p=0.062) was found to be marginally significant. 
Table 3-8 summarized the results of Chi-square test for skeletal related factors -
D X A spine. 
3.3.2.2 D X A proximal femur at the convex-side hip 
Convex-side femur neck BMDage-ad jus ted (X^ P=0.015) (Figure 3-5) and 
BMCage-ad jus ted (x^； p二0.013) (Figure 3-6), and Ward's Triangle BMDage-ad jus ted (X^ 
p^Q 043) (Figure 3-7) were significantly associated with the incidence of curve 
一 5 6 
Chapter 3 - Results 
progression. However, convex-side trochanter BMDage-adjusted (X^ ', p=0.177) and 
BMCage-ad jus ted (X ; P=0.486) were not associated with the incidence of curve 
progression. Table 3-9 summarized the results of Chi-square test for skeletal related 
factors 一 Convex-side proximal femur. 
3.3.2.3 D X A proximal femur at the concave-side hip 
Concave-side femur neck BMDage-ad jus ted (X^ p=0.004) (Figure 3-8)，trochanter 
BMDage-ad jus ted (x^； p=0.014) (Figure 3-9)，and Ward's Triangle BMDage-ad jus ted (X^； 
p=0.002) (Figure 3-10) were significantly associated with the incidence of curve 
progression. However, concave-side femur neck BMCage-adjusted (X^； p=0.111), and 
trochanter BMCage-ad jus ted p=0.160) were not associated with the incidence of 
curve progression. Table 3-10 summarized the results of Chi-square test for skeletal 
related factors - Proximal femur of concave-side hip. 
3.3.2.4 pQCT at non-dominant distal radius 
Both tBMDage-ad jus ted (%'； P=0.626) and iBMDage-ad jus ted p二0.114) of the 
non-dominant side of the radius were not reached the statistical significance in 
associating with the incidence of curve progression. Table 3-11 summarized the 
results of Chi-square test for skeletal related factors — non-dominant distal radius. 
3.3.2.5 pQCT - v B M D at convex-side distal tibia 
Both tBMDage-adjusted (%'； P 二0.037) (Figure 3-11) and iBMDage-adjusted (%'； 
p二0.018) (Figure 3-12) of the convex-side tibia were significantly associated with 
curve progression. Table 3-12 summarized the results of Chi-square test for skeletal 
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related factors 一 Convex-side tibia. 
3.3.2.6 pQCT - v B M D at concave-side distal tibia 
iBMD p=0.027) (Figure 3-13) of the concave-side tibia were significantly 
associated with curve progression, while tBMD p=0.066) was marginally 
significant. Table 3-13 summarized the results of Chi-square test for skeletal related 
factors - concave-side distal tibia. 
3.2.3 Curve related factors 
Curve pattern p=0.008) (Figure 3-14) and Initial Cobb angle p<0.01) 
(Figure 3-15) were found to be associated with the incidence of curve progression. 
Table 3-14 summarized the results of Chi-square test for curve related factors. 
3.3.4 Anthropometrics parameters 
All the anthropometric parameters, including age-adjusted corrected body 
height (x^； p=0.907) and sitting height (x^ p=0.600), and arm span p=0.992) did 
not show significant association with the incidence of curve progression. Table 3-15 
summarized the results of Chi-square test for anthropometric parameters. 
3.3.5 Family history 
There was no significant association found between family history of scoliosis 
and incidence of curve progression (x^ p=0.750). Table 3-16 summarized the results 
of Chi-square test for family history of scoliosis. 
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3.3.6 Summary of univariate analysis 
The following independent variables that reached the p value of less than 0.2 
were then entered into the logistic regression model: i) age at diagnosis, ii) 
menstrual status; iii) Risser grade; iv) spinal BMDage-adjusted and v) BMCage-adjusted； 
convex-side hip vi) femur neck BMDage-adjusted, vii) femur neck BMCage-adjusted, viii) 
t rochanter BMDage-adjusted and ix) Ward 's Triangle BMDage-adjusted； concave-side hip x) 
f e m u r neck BMDage-adjusted, xi) f emur neck BMCage-adjusted, xii) trochanter 
BMDage-adjusted, xiii) trochanter BMCage-adjusted and xiv) Ward's Triangle BMDage-adjusted； 
XV) non-dominant side of the radius iBMDage-adjusted； convex-side tibia xvi) 
tBMDage-adjusted, and xvii) iBMDage-adjusted； COIlCave-side tibia xviii) tBMDage-adjusted 
and xix) iBMDage-adjusted； XX) curve pattern and xxi) initial Cobb angle. 
3.4 Logistic regression model (single factor) 
Four well-known factors were remained for logistic regression at first, i.e. age 
at diagnosis, Risser grade, menstrual status, and initial Cobb angle. Then, every 
other single factor was added into the model for the single factor analysis. The 
coding system for all the categorical parameters was mentioned in the Methodology 
section {refer to p.30-32). The reference category of each independent variable was 
chosen in which such category is of relatively least at risk to curve progression (i.e., 
Coding 0). The reference category for age at diagnosis is of age 14-16; for menstrual 
status is of menarche already started at the time of diagnosis; for Risser grade is of 
grade 2-5; for skeletal variables at different site is of normal B M D (BMDage-adjusted 
〉-l) and normal B M C (BMCage-adjusted >-1)； for initial Cobb angle is of angle 
between 10。-19°; and for curve pattern is of lumbar curve (Table 3-17). 
Total 17 models were run. Results showed that age at diagnosis, menstrual 
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Status, Risser grade, spinal BMDage-ad jus ted and BMCage-ad jus ted , convex-side femur neck 
and trochanter BMCage-ad jus ted , concave-side femur neck, trochanter and Ward's 
Triangle BMDage-adjusted, and initial Cobb angle were the potential prognostic factors 
that remained in the models. Since B M D and B M C had strong inter-correlation, we 
analyzed the significance of the predictive power of B M D and B M C at different site 
separately in order to increase the predictive power of the bone-related factors. 
Other factors, including BMDage-ad jus ted of convex-side femur neck, trochanter 
and Ward's Triangle, BMCage-ad jus ted of concave-side femur neck and trochanter, all 
the v B M D parameters, and curve pattern, were all removed from the model, i.e., 
these factors were excluded as the non-prognostic factors in predicting progression. 
3.5 Logistic regression model (multiple factors) 
3.5.1 BMD inclusive model 
Age at diagnosis, menstrual status, Risser grade, spinal BMDage-adjusted, 
concave-side femur neck BMDage-adjusted, trochanter BMDage-ad jus ted , and Ward's 
Triangle BMDage-ad jus ted and initial Cobb angle were entered on step 1 of the model. 
The least related parameter - concave-side trochanter BMDage-ad jus ted , with the p value 
of 0.974，was then removed on step 2 of the model. On step 3，the least significant 
parameter - concave-side Ward's Triangle BMDage-adjusted, with p value of 0.402, was 
removed. On the last step, spinal BMDage-adjusted was removed with p value of 0.349. 
The final results of the logistic regression (stepwise backward elimination) showed 
that age at diagnosis (11-13 year of age), menstrual status (pre-menarche), Risser 
grade (grade: 0-1)，initial Cobb angle (>20°) and osteopenia at the concave-side 
femur neck region were identified as the risk factors in predicting curve progression. 
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The predictive power of each prognostic factor was expressed in odd ratio (OR) 
within 95% confidence interval (C.L): initial Cobb angle (pcO.Ol) with O R 1.2 
(C.L:0.6-2.6) for angle between 20。and 29。，with O R of 4.8 (C.L:1.9-11.8) for angle 
between 30。and 39。，with O R of 4.6 (C.I.:1.3-15.9) for angle >40°; Risser grade 
(pcO.Ol) with O R of 4.7 (C.L:2.2-9.9); menstrual status (p=0.04) with O R of 
2.5(C.L:1.0-6.0); osteopenia at the concave-side femur neck (p=0.02) with O R of 2.3 
(C.L:1.1-4.5); age at diagnosis (p=0.03) with O R of 2.1(C.I.:1.1-4.0) (Table 3-18). 
3.5.2 BMC inclusive model 
Age at diagnosis, menstrual status, Risser grade, spinal BMCage-adjusted , 
convex-side femur neck BMCage-ad jus ted , and initial Cobb angle were entered on step 1 
of the B M C model. The least significant parameter- spinal BMCage-ad jus ted with the p 
value of 0.265 was then removed on step 2 of the model. The final results of the 
logistic regression showed that age at diagnosis (11-13 year of age), menstrual status 
(pre-menarche), Risser grade (grade: 0-1), initial Cobb angle (>20°), and low bone 
mass on the convex-side femur neck region were the risk factors to predict curve 
progression. The O R of each prognostic factor was: initial Cobb angle (pcO.Ol) with 
O R 1.3 (C.L:0.6-2.7) for angle between 20。and 29。，with O R of 4.8 (C.I.:1.9-11.8) 
for angle between 30。and 39。，with O R of 4.8 (C.L:1.4-16.6) for angle >40°; Risser 
grade (pcO.Ol) with O R of 4.8 (C.L:2.3-10.1); menstrual status (p=0.03) with O R of 
2.6 (C.I.:1.1-6.3); age at diagnosis (p=0.03) with O R of 2.1 (C.I.:1.1-4.0); low bone 
mass of the convex-side femur neck (p二0.06) with O R of 2.0 (C.I.:1.0-4.1) (Table 
3-19). 
The significance level of the low bone mass at the convex-side femur neck was 
marginal (p二0.06). Therefore, we used a forward stepwise selection method to 
一 ~ 
Chapter 3 - Results 
reconfirm the predictability of that variable of the model. Forward stepwise selection 
method proceeded the same way as in multiple linear regressions. It started out with 
a model that contained only the constant unless the option to omit the constant term 
from the model was selected. At each step, the variables with the smallest 
significance level for the score statistics, provided it was less than the chosen cutoff 
value (by default 0.05), was entered into the model. All variables in the forward 
stepwise block that had been entered were then examined to see if they met the 
removal criteria. Likelihood ratio test was also adopted in the forward selection 
method for determining variables to be removed from the model. If a variable was 
selected for removal and it resulted in a model that had already been considered, 
variable selection was then terminated. Otherwise, the model was estimated without 
the deleted variable and other variables being again examined for removal. This 
continued until no more variables were eligible for removal. The variables were then 
again examined for entering into the model. The process continued until either a 
previously considered model was encountered (a cycling algorithm) or no variables 
met the entry or removal criteria. 
Results of the forward selection showed that only menstrual status, Risser grade 
and initial Cobb angle were entered into the model. However, BMCage-ad jus ted at the 
convex-side femur neck and age at diagnosis were excluded from the model. Since 
all the B M C variables were excluded from this regression model, the prognostic 
factors remaining in the model were the well-known factors, which is equivalent to 
the following conventional model. Therefore, B M C inclusive model will be 
excluded for the rest of the analysis. 
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3.5.3 Conventional model 
In order to study the influence of osteopenia in predicting curve progression, all 
the B M D and B M C related parameters were excluded from this model and only the 
well-known predictors were used for analysis. The well-known factors including age 
at diagnosis, menstrual status, Risser grade, and initial Cobb angle, were entered on 
step 1 of the model. The final results of the logistic regression showed that age at 
diagnosis (11-13 year of age), menstrual status (pre-menarche), Risser grade (grade: 
0-1), initial Cobb angle (>20°) were the risk factors in predicting incidence of curve 
progression. The O R of each prognostic factor was: Risser grade (pcO.Ol) with O R 
of 5.2 (C.L:2.5-10.9); initial Cobb angle (p<0.01) with O R 1.3 (C.L:0.6-2.6) for 
angle between 20。and 29。，with O R of 4.7 (C.L: 1.9-11.5) for angle between 30。and 
39°，with O R of 5.0 (C.L:1.5-16.7) for angle >40°; menstrual status (p=0.01) with 
O R of 3.3 (C.L:1.4-7.9); age at diagnosis (p=0.09) with O R of 1.7 (C.L:0.9-3.2) 
(Table 3-20). 
Since the significance level of the age at diagnosis in the regression model was 
marginal (p=0.09), a forward selection method was used in the same way as 
described in previous model (BMC inclusive model). The O R for each prognostic 
factors that remained in the forward selection model were: Risser grade (pcO.Ol) 
with O R of 6.6 (C.L:3.3-13.0); initial Cobb angle (pcO.Ol) with O R 0.6 (C.L:0.6-2.5) 
for angle between 20。and 29。，with O R of 4.4 (C.L:1.8-10.6) for angle between 30° 
and 39°, with O R of 4.0 (C.L:L2-13.1) for angle >40°; menstrual status (pcO.Ol) 
with O R of 3.7 (C.L: 1.6-8.6) (Table 3-21). 
3.6 ROC curve 
R O C curve was a graphical representation of the accuracy of the regression 
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model. The area under curve (AUG) reflects the sensitivity of the regression model. 
3.6.1 BMD inclusive model 
B M D inclusive model included five prognostic factors, including B M D of the 
concave-side femur neck, age at diagnosis, menstrual status, Risser grade, and initial 
Cobb angle. The R O C curve for B M D inclusive model was shown in Figure 3-16. 
The sensitivity of the model reflected by area under curve (AUG) was 0.80 (pcO.Ol). 
3.6.2 Conventional model 
Conventional model included three prognostic factors, i.e. menstrual status, 
Risser grade, and initial Cobb angle. The R O C curve for conventional model was 
shown in Figure 3-17. The sensitivity of the model reflected by A U G was 0.76 
(p<0.01). 
3.7 Predictive equation obtained from different logistic regression models 
The probability of curve progression was calculated from the equation that 
obtained from the logistic regression model and its resulting prognostic factors. 
Logit (P) = In (P/(l-P)), where P was the predicted probability of curve progression. 
To solve P (the probability): 
P = (exp (logit (P))) / (1 + exp (logit (P))) 
where exp (logit (P)) was the natural antilogarithm of logit (P). This equation 
enabled to calculate the probability of patient who would have a progressive or 
stable curve in relation to the prognostic factors in each model.  
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3.7.1 BMD inclusive model 
The logistic regression equation for B M D inclusive model: 
Logit (P) : -1.65 + 0.81 osteopenia at concave-side femur neck + 0.72 
younger age (11-13) + 0.91 menarche not yet started + 1.54 lower Risser 
grade (0-1) + 0.19 Cobb between 20°-29° + 1.56 Cobb between 30°-39° + 1.52 
Cobb >40° 
Any patient who has any one of the risk factor (i.e., osteopenia at concave-side 
femur neck, or age at diagnosis between 11-13, or menarche not yet started, or 
Risser grade between 0-1, or initial Cobb angle >20°) listed in the equation, 1 will 
be substituted into that particular risk factor. If a patient who has the 'protective' 
factor (i.e., normal B M D at concave-side femur neck, or age at diagnosis between 
14-16, or menarche already started, or Risser grade between 2-5 or initial Cobb 
angle between 10° to 19°), 0 will be substituted into that particular factor in the 
predictive equation. 
Example: If a 15 year old female patient, who has osteopenia, with Risser grade of 4， 
menarche started for 3 years and with the initial Cobb angle of 15°, the probability 
of progression for this patient is logit (P) = -1.65 + 0.81 (osteopenia). Thus, logit (P) 
=-0.84; exp (-0.84) 二 0.4317; P = 0.4317/1.4317 = 0.302. Therefore, this patient 
will have 30% chance to have curve progression. 
3.7.2 Conventional model 
The logistic regression equation for conventional model was developed as: 
Logit (P) = -1.30 + 1.30 menarche not yet started + 1.88 lower Risser grade 
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(0-1) + 0.20 Cobb between 20°-29° + 1.48 Cobb between 30。-39。+ 1.39 Cobb >40° 
By taking the same Example as previous model, logit (P) = -1.30; exp (-1.30)= 
0.273; P 二 0.273/1.273 二 0.214. Therefore, this patient will have 21% chance to have 
curve progression without considering the presence of osteopenia in the patient. 
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Table 3- 1. Distribution of age in 326 AIS patients, with the mean of 13.5 year of 
age. 
(N=324) 
Age group N Percentage (%) 
11 19 5.9 
12 56 17.3 
13 70 21.6 
14 102 31.5 
15 71 21.9 
16 6 1.9 
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Table 3- 2. Distribution of initial Cobb angle, with the mean of 25.4°. 
(N=324) 
Initial Cobb angle N Percentage (%) 
10。-19。 73 22.5 
20。-29° 167 51.5 
30。-39。 61 18.8 
>40° 23 7.1  
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Table 3- 3. The incidence of osteopenia and low bone mass of AIS patients obtained 
from D X A measurement. 
Incidence of osteopenia Incidence of low bone mass 
Measuring sites [BMDage-ad jus ted ^  -1 SD] [BMCage-ad jus ted ^  " 1 SD] 
in % (N) in % (N) 
Spine (L2-4) 27.5 (89) 20.4 (66) 
Proximal Femur 
Convex-side 
20.8 (66) 23.0 (73) 
femur neck 
Convex-side 
25.5 (81) 26.4(84) 
Trochanter 
Convex-side 
24.5 (78) 
Ward's Triangle 
Concave-side 
25.5 (81) 26.1 (83) 
femur neck 
Concave-side 
23.6 (75) 23.0 (73) 
Trochanter 
Concave-side 
23.3 (74) 
Ward's Triangle 
Average 24.4 23.8 
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Table 3- 4. The incidence of osteopenia of AIS patients obtained from pQCT 
measurement. 
Incidence of osteopenia Incidence of osteopenia 
Measuring sites [BMDage-ad jus ted <-lSD] of [BMDage-ad jus ted < "ISD] of 
tBMD in % (N) iBMD in % (N) 
Distal Radius 23.3 (62) 25.2 (67) 
Distal Tibia 
Convex-side 30.7 (80) 25.7 (67) 
Concave-side 31.4 (82) 25.3 (66) 
Average 28.5 25.4 
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Table 3- 5. Comparison of B M D between the convex-side and concave-side hip and 
tibia by paired-t-test. 
(N 二324) 
Paired variables Mean 土 S E M p 
Convex-side Femur neck B M D - 0.7431 ± 0.006 
0.013* 
Concave-side Femur neck B M D 0.7483 ± 0.006 
Convex-side Trochanter B M D - 0.6033 ± 0.005 
0 . 0 0 2 * * 
Concave-side Trochanter B M D 0.6093 ± 0.005 
Convex-side Tibia tBMD — 250.755 ± 2.881 
0.880 
Concave-side Tibia tBMD 250.897 ± 2.861 
Convex-side Tibia iBMD - 449.399 ± 4.464 
0.759 
Concave-side Tibia iBMD 449.054 ± 4.562 
I I 
*: p<0.05; **: pcO.Ol 
SEM: standard error of mean 
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Table 3- 6. Comparison of AIS patients with osteopenia and with normal bone status 
by independent t-test. 
(N=324) 
Parameters B M D status Mean 土 S E M p 
Age at diagnosis Normal 13.4 ±0.07 
0.004** 
(years) Osteopenia 13.8 ±0.12 
Corrected height Normal 158.4 土 0.42 
0.016* 
(cm) Osteopenia 156.5 土 0.71 
Corrected sitting Normal 84.61 土 0.26 
0.004** 
height (cm) Osteopenia 83.14 土 0.45 
Arm span Normal 157.6 ±0.54 
0.05* 
(cm) Osteopenia 155.5 ± 1.0 
Age at menarche Normal 12.0 ±0.07 
0.000** 
(year) Osteopenia 13.0 ±0.13 
Initial Cobb angle Normal 24.43 士 0.49 
0.008** 
(。） Osteopenia 27.81 ± 1.15 
*: p<0.05; **: p<0.01 
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Age at Diagnosis 
100厂 
Chi-square; p<0.01 
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| 6 。 - • 
40 - ^ ^ ^ ^ 
-1 • • 
11-13 14-16 
Figure 3-1。The association between incidence of curve progression and age at 
diagnosis. 
P<0.01) 
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Menstrual status 
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冬 80 - Chi-square; p<0.01 
- ^^H 
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Not yet started Started 
Figure 3- 2. The association between incidence of curve progression and 
menstrual status。 
(乂2; P<0。01) 
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Risser grade 
90厂 
80 — Chi-square; p<0.01 
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Figure 3- 3. The association between incidence of curve progression and Risser 
grade. 
P<0-01) 
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Table 3-7. Summary of Chi-square test results for the association between incidence 
of curve progression and growth related factors. 
Incidence of 
Factors Categorization p 
progression (%) 
11-13 64.8 
Age at diagnosis 0.000** 
14-16 38.0 
Not yet started 82.0 
Year since menarche 0.000** 
Started 42.6 
0-1 80.0 
Risser grade 0.000** 
2-5 35.4 
**: p<0.01 
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Spinal B M C status 
80「 
Chi-square; p = 0 . 0 1 3 
g 70 ^ ^ ^ 
50 ^ ^ ^ 
3 0 ^ ^ H 
Normal BMC Low Bone Mass (Z BMC = or < -1 ) 
Figure 3- 4。The association between incidence of curve progression and spinal 
BMCage-adjusted StatUS. 
(X'； P=0.013) 
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Table 3- 8. Summary of Chi-square test results for the association between incidence 
of curve progression and spine measured by DXA. 
Incidence of 
Factors Categorization p 
progression (%) 
Normal B M D 
46.8 
(BMDage-adjusted〉-1) 
Spinal BMDage-adjusted 0.062 
Osteopenia 
58.4 
(BMDage-adjusted^-1) 
Normal B M C 
46.5 
(BMCage-adjusted > " l ) 
Spinal BMCage-adjusted 0.013* 
Low bone mass 
63.6 
(BMCage-adjusted^ -1) 
*: p<ao5 
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Convex side of Femur neck BMD 
8 0 「 - - - -
Chi-square; p=0.015 
^ 7 0 -
40 丨丨:l • • : 
Normal BMD Osteopenia (Z BMD = or <-1) 
Figure 3- 5。The association between incidence of curve progression and 
convex-side femur neck BMDage-adjusted status. 
(X'； P=0.015) 
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Convex side of Femur neck BMC 
80「 
Chi-square; p=0.013 
_ 70 -
50 ^ ^ ^ 
�：：丨• • 
Norm al BMC Low Bone Mass (Z BMC = or <-1) 
Figure 3- 6. The association between incidence of curve progression and 
convex-side femur neck BMCage-adjusted status. 
(X'； P二0.013) 
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Convex side of Wards' Triangle BMD 
8 0 「 - -
Chi-square; p=0.043 
7 0 -
I: • • 
HUH 
Norm al BMD Osteopenia (Z BMD = or <-1) 
Figure 3- 7。The association between incidence of curve progression and 
convex-side ward's triangle B M D status. 
(X'； p-0.043) 
“ ^ ‘ “ ~ 
Chapter 3 - Results 
Table 3- 9. Summary of Chi-square test results for the association between incidence 
of curve progression and convex-side hip measured by DXA. 
Incidence of 
Factors Categorization . … P 
progression (%) 
Normal B M D … 
46.8 
Femur neck (BMDage-adjusted >-1) 0 015* 
BMDage-adjusted Osteopenia 
63.6 
(BMDage-adjusted^ "1) 
Normal B M C 
46.5 
Femur neck (BMCage-adjusted > -1) . 0 013* 
BMCage-adjusted Low bone mass 
63.0 
(BMCage-adjusted^ -1) 
Normal B M D 48 ^  
Trochanter (BMDage-adjusted > -1) 0 177 
BMDage-adjusted Osteopenia 
56.8 
(BMDage-adjusted ^  "1) 
Normal B M C 
49.1 
Trochanter (BMCage-adjusted >-1) 0 ^秘 
BMCage-adjusted Low bone mass 二。, 
53.6 
(BMCage-adjusted ^  "1) 
Normal B M D 
47.1 
Ward's Triangle (BMDage-adjusted >-1) 0 043* 
BMDage-adjusted Osteopenia 
oU.J 
(BMDage-adjusted^ -1) 
*: p<0.05 
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Concave side of Femur neck B M D 
80「 
Chi-square; p = 0 � 0 0 4 
^ 7 0 -
• 
姿 50 ^^m 
Normal B M D Osteopenia (Z B M D = or <-1) 
Figure 3- 8。The association between incidence of curve progression and 
concave-side femur neck BMDage-adjusted status. 
(X'； P=0.004) 
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Concave side of Trochanter BMD 
80「 
Chi-square; p=0.014 
70 -
• 
丨 • 1 
Normal BMD Osteopenia (Z BMD = or <-1) 
Figure 3- 9. The association between incidence of curve progression and 
concave-side trochanter BMDage-adjusted status. 
(X'； P=0.014) 
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Concave side of Ward's Triangle BMD 
80 
Chi-square; p=0 .002 
70 -
• 
H HH 
Normal BMD Osteopenia (Z BMD = or <-1) 
Figure 3- 10。The association between incidence of curve progression and 
concave-side ward's triangle BMDage-adjusted status。 
(X'； P=0.002) 
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Table 3- 10. Summary of Chi-square test results for the association between 
incidence of curve progression and concave-side hip measured by DXA. 
Incidence of 
Factors Categorization progression p 
(%) 
Femur neck Normal B M D (BMDage-adjusted > -1) 45.6 
0.004** 
BMDage-ad j us ted Osteopenia (BMDage-ad jus ted <-1) 64.2 
Femur neck Normal B M C (BMCage-ad jus ted > -1) 47.7 
0.111 
BMCage-ad jus ted L o W b o n e m a S S (BMCage-ad jus ted ^ " 1 ) 5 7 . 8 
Trochanter Normal B M D (BMDage-adjusted >-1) 46.5 
0.014* 
BMDage-ad jus ted Osteopenia (BMDage-ad jus ted ^  -1) 62.7 
Trochanter Normal B M C (BMCage-adjusted >-1) 48.2 
： 0 . 1 6 0 
BMCage-ad jus ted L o W b o n e H i a S S ( B M C a g e - a d j u s t e d ^ - 1 ) 5 7 . 5 
Ward's Triangle Normal B M D (BMDage-adjusted >-1) 45.5 
0 . 0 0 2 * * 
BMDage-ad jus ted Osteopenia (BMDage-ad jus ted ^  "1) 66,2 
*: p<0.05; **: pcO.Ol 
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Table 3- 11. Summary of Chi-square test results for the association between 
incidence of curve progression and non-dominant distal radius measured by pQCT. 
Incidence of 
Factors Categorization progression p 
(%) 
Normal B M D (BMDage-adjusted >-1) 41.7 
tBMDage-adjusted 0.626 
Osteopenia (BMDage-adjusted ^  -1) 45.2 
Normal B M D (BMDage-adjusted > -1) 39.7 
iBMDage-adjusted — 0.114 
Osteopenia (BMDage-adjusted ^  -1) 50.7 
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Figure 3- 11. The association between incidence of curve progression and 
convex-side tibia tBMDage-adjusted status. 
(X2; p=0.037) 
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Convex side of Tibia iBMD 
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Chi-square; p=0.018 
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Figure 3- 12. The association between incidence of curve progression and 
convex-side tibia iBMDage-adjusted status. 
(X'； P=0.018) 
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Table 3- 12. Summary of Chi-square test results for the association between 
incidence of curve progression and convex-side of the distal tibia measured by 
pQCT. 
Incidence of 
Factors Categorization progression p 
(%) 
Normal B M D (BMDage-adjusted > -1) 38.7 
tBMDage-adjusted 0.037* 
Osteopenia (BMDage-adjusted ^  -1) 52.5 
Normal B M D (BMDage-adjusted >-1) 38.7 
iBMDage-adjusted 0.018* 
Osteopenia (BMDage-adjusted ^  -1) 55.2 
p<0.05 
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Concave side of Tibia iBMD 
7 0 � 
Chi-square; p=0.027 
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Figure 3- 13. The association between incidence of curve progression and 
concave-side tibia iBMDage-adjusted status. 
(X'； P=0。027) 
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Table 3- 13. Summary of Chi-square test results for the association between 
incidence of curve progression and concave-side distal tibia measured by pQCT. 
Incidence of 
Factors Categorization progression p 
(%) 
Normal B M D (BMDage-adjusted〉-1) 39.1 
tBMDage-adjusted 0.066 
Osteopenia (BMDage-adjusted ^  -1) 51.2 
Normal B M D (BMDage-adjusted〉-1) 39.0 
iBMDage-adjusted 0.027* 
Osteopenia (BMDage-adjusted ^  -1) 54.5 
*: p<0.05 
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Curve Pattern 
60 r 
m Chi-square; p=0.008 
Thoracic Triple Thoraco-lumbar Lumbar 
Figure 3- 14. The association between incidence of curve progression and curve 
pattern. 
(X'； P=0.008) 
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Initial Cobb angle 
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Figure 3-15. The association between incidence of curve progression and initial 
Cobb angle。 
(x'； P=0.001) 
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Table 3- 14. Summary of Chi-square test results for the association between 
incidence of curve progression and curve related factors. 
Incidence of 
Factors Categorization p 
progression (%) 
Lumbar 13.3 
Thoracic 55.2 
Curve Pattern — 0.008** 
Thoraco-lumbar 43.4 
Triple 47.8 
10。-19。 53.4 
Initial Cobb's 20°-29° 40.1 
0.001** 
angle 30。-39。 65.6 
>40° 69.6 
**: p<0.01 
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Table 3- 15. Summary of Chi-square test results for the association between 
incidence of curve progression and anthropometric parameters. 
Incidence of 
Factors Categorization p 
progression (%) 
Normal 50.2 
Corrected Body 
0.907 
Height Greater body height 
49.6 
(z score > 1) 
Normal 43.5 
Corrected Sitting 
0.992 
Height Greater sitting height 
40.0 
(z score > 1) 
Normal 42.5 
Arm span — 0.600 
Longer arm span 
42.6 
(z score > 1) 
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Table 3- 16. Summary of Chi-square test results for the association between 
incidence of curve progression and family history of scoliosis. 
Incidence of 
Factors Categorization p 
progression (%) 
Yes 50.4 
Family History 0.750 
No 47.8 
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Table 3- 17. A list of reference categories for the independent variables in logistic 
regression. 
Independent variables Reference categories 
Chronological age at the time of 
14-16 
^ , , , diagnosis 
Growth related  
factors Menstrual status Started 
Risser grade 2-5 
a B M D of spine, convex-side and 
concave-side proximal femur 
Normal B M D 
Bone related v B M D of distal radius, convex-side 
parameters and concave-side tibia 
B M C of spine, convex-side and 
Normal B M C 
concave-side proximal femur 
Curve related Initial Cobb angle 10°-19° 
factors Curve Pattern Lumbar 
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Table 3- 18. Summary of the results of B M D inclusive model from the logistic 
regression analysis. 
Risk Factors Reference p Odd ratio CI. (95%) 
Initial Cobb's angle 10。-19。 0.000** 
〉40o 4.583 1.319- 15.929 
30。-39。 4.767 1.918- 11.848 
20。-29° 1.205 0.566 - 2.564 
Risser sign (0-1) 2-5 0.000** 4.679 2.206-9.921 
Menstrual status 
Started 0.044* 2.483 1.024-6.020 
(Not yet started) 
Osteopenia at femur neck 
Normal 
of the concave-side hip 0.021* 2.253 1.129 - 4.494 
B M D 
(BMDage-adjusted^-1) 
Age at diagnosis (11-13) 14-16 0.030* 2.063 1.074 - 3.963 
*: p<0.05; **: pcO.Ol 
99 
Chapter 3 - Results 
Table 3- 19. Summary of the results of BMC inclusive model from the logistic 
regression analysis. 
Risk Factors Reference p Odd ratio C丄（95%) 
Initial Cobb's angle 10。-19。 0.000** 
〉40<^  4.845 1.412- 16.625 
30°-39° 4.759 1.927 - 11.754 
200-29° 1.279 0.607 — 2.697 
Risser sign (0-1) 2-5 0.000** 4.765 2.250- 10.092 
Menstrual status 
Started 0.033* 2.604 1.079-6.287 
(Not yet started) 
Age at diagnosis (11-13) 14-16 0.029* 2.079 1.074-4.018 
Low bone mass at the 
Normal 
convex-side femur neck 0.056 1.998 0.981 - 4.068 
B M C 
(BMCage-adjusted^ -1) 
*: p<0.05; **: pcO.Ol    
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Table 3- 20. Summary of the results of conventional model from the logistic 
regression analysis. 
Risk Factors Reference p Odd ratio C.L (95%) 
Risser sign (0-1) 2-5 0.000** 5.214 2.494 - 10.901 
Initial Cobb's angle 10。-19。 0.000** 
>40° 4.967 1.474-16.738 
30。-39。 4.707 1.924- 11.517 
20。-29。 1.253 0.596 - 2.634 
Menstrual status 
Started 0.006** 3.322 1.405-7.857 
(Not yet started) 
Age at diagnosis (11-13) 14-16 0.088 1.724 0.922-3.224 
**: pcO.Ol 
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Table 3- 21. Summary of the results of conventional model from the logistic 
regression analysis by using forward selection method. 
Risk Factors Reference p Odd ratio CI. (95%) 
Risser sign (0-1) 2-5 0.000** 6.575 3.294- 13.126 
Initial Cobb's angle 0.000** 
>40。 4.002 1.222-13.105 
30。-39° 4.385 1.819- 10.572 
20。-29° 1.220 0.584 - 2.547 
Menstrual status 
Started 0.003** 3.676 1.576-8.573 
(Not yet started) 
**:p<0.01 
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Figure 3- 16. R O C curve of the B M D inclusive model 
The sensitivity of the model is reflected by the area under curve (0.8; p<0.01). 
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Figure 3- 17. R O C curve of the conventional model。 
The sensitivity of the model is reflected by the area under curve (0.76; p<0.01). 
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IV. Discussion 
Curvature progression predominantly occurs in the rapid growth spurt, which 
usually affects girls at ages 10 to 13, in AIS. Identifying major risk factors, like 
growth potential factors (Weinstein and Ponseti 1983; Lonstein and Carlson 1984; 
Yamauchi et al 1988; Peterson and Nachemson 1995; Soucacos et al 2000), 
curve-related factors (Weinstein and Ponseti 1983; Lonstein and Carlson 1984; 
Yamauchi et al. 1988; Soucacos et al. 2000), biomechanical factors (Bunch and 
Pathwardhan 1989; Peterson and Nachemson 1995) and bone-related factors, which 
are associated with curve progression is clinically important for physicians to 
provide appropriate treatment to control the curve in scoliosis. The current study was 
a comprehensive attempt that successfully identified a number of prognostic factors 
in predicting curve progression in AIS. To our knowledge, this is the first study to 
show that osteopenia at the femur neck of the concave-side hip is a new prognostic 
factor, in addition to the well-known factors - younger age and pre-menarche at the 
time of diagnosis and greater initial Cobb angle (Lonstein and Carlson 1984, 
Soucacos et al. 1998’ Weinstein 1999, Yamauchi et al 1988，Duval-Beaupere 1971), 
for predicting the incidence of curve progression in AIS girls. 
4.1 Prognostic factors for curve progression 
4.1.1 Well-known prognostic factors 
Curve progression mainly occurs at the time of peri-pubertal period in 
adolescence. However, a steady progression might also occur throughout adult life 
(Weinstein and Ponseti 1983; Ascani et al. 1986). During the rapid growth period, 
curve progression could be thought of as a combination of mechanical and biological 
一 1 0 5 
Chapter 4 - Discussion 
phenomenon {Bunch and Pathwardhan 1989). The prognostic factors in related to 
curve progression in scoliosis have been reported by previous studies (Lonstein and 
Carlson 1984, Soucacos et al 1998，Weinstein 1999, Yamauchi et al 1988’ 
Duval-Beaupere 1971; Peterson and Nachemson 1995; Bunnell 1986; Ascani et al 
1986). Current study confirmed the previous findings that growth-related factors, 
curve related factors and biomechanical factors were the prognostic factors in 
predicting curve progression in AIS girls. 
4.1.1.1 Growth-related factors 
Our results showed that younger age at diagnosis, pre-menarche and lower 
Risser grade were the prognostic factors in predicting curve progression. Immaturity 
is a well-accepted factor that induces curve progression because progression mainly 
occurs at the time of growth spurt (Bunch and Pathwardhan 1989; Sanders et al 
2003). Our findings revealed that the incidence of progression in patient at the age of 
11-13 was 65% and reduced to 38% at the age of 14-16. Bunnell (1986) reported that 
patients diagnosed between ages 10-12 had 88% risk of progression of 5° or more, 
and was reduced to 56% and 29% for those diagnosed between 12-15 and after age 
15 respectively. Lonstein and Carlson (1984) showed that the incidence of 
progression decreased with increasing chronological age. Chronological age of less 
than 13 years was found to be one of the prognostic factors in one of the prospective 
studies {Peterson and Namchemson 1995). 
The present study showed that patients who had not started their menarche at 
the time of diagnosis had double the risk in curve progression (82% vs. 42.6%). This 
was consistent with previous findings, which revealed that only 32% - 36% showed 
progressive curve for patients with menarche started {Lonstein and Carlson 1984; 
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Soucacos et al. 1998). 
Our results demonstrated that there was 80% incidence of curve progression for 
patients who had Risser grade of 0-1 and only 35.4% showed progressive curve for 
Risser grade of 2-5. Among all the growth related factors, Risser grade (0-1) was the 
most significant factor for risk of progression {Peterson and Nachemson 1995). 
Bunnell (1986) reported that patients with a Risser 0 at the time of diagnosis had a 
68% risk of progressing 10。or more. This risk was decreased to 52% in those who 
had a Risser sign 1 or 2 and was further decreased to 18% for those with a Risser 3 or 
4. Lonstein and Carlson (1984) stated that the incidence of curve progression 
decreased as the initial Risser sign increased. In summary, the greater the growth 
potential, the higher chance of curve progression in the peri-pubertal period." 
4.1.1.2 Initial curve magnitude 
Results showed that greater initial Cobb angle was one of the prognostic factors 
in predicting curve progression. This is due to the fact that greater severity will 
increase the instabilities of the entire spinal column. This finding was coincided with 
previous reports that the greater the initial Cobb angle, the higher the chance of 
progression (Weinstein and Ponseti 1983; Lonstein and Carlson 1984; Yamauchi et 
al. 1988; Soucacos et al 2000). 
4.1.2 A new predictor — Osteopenia 
Poor bone quality or osteopenia was found to be a new and unique prognostic 
factor in curve progression in the present study. Osteopenia manifested in AIS 
patients was well documented in our previous studies and the others, where 
osteopenia in AIS was proven as a systemic problem rather than a localized problem. 
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{Cook et al 1987; Thomas et al. 1992; Cheng and Guo 1997; Cheng et al 1999; 
Cheng et al 2000; Courtois et al 1999). The results of the current study also showed 
that osteopenia was found in both spine and proximal femur by using D X A and also 
in the distal tibia by pQCT measurements. Cook et al. reported that B M D at spine 
was significantly lower and generally lower B M D was found in femur neck region in 
44 AIS patients as compared with those of the normal controls {Cook et al. 1987). 
Osteopenia was also demonstrated in adult women with idiopathic scoliosis {Velis et 
al 1989; Courtois et al, 1999). Generalized low areal B M D (37.8%) at the spine and 
hip, measured by DXA, and volumetric B M D (36.5%) at bilateral distal tibia, 
measured by pQCT, was reported by our research group {Cheng et al 2000) 
Longitudinal studies revealed that osteopenia was a persistent phenomenon. 
Thomas et al studied the B M D profile for 22 AIS girls with a mean of 30.8 months 
longitudinally. They found that there was a statistically significant increase in both 
lumbar spine B M D and femoral neck B M D . However, the lumbar spine B M D was 
significantly lower in both initial and follow-up evaluations than those of controls 
(Thomas et al. 1992). The rate of change of B M D at femoral neck was significantly 
lower in AIS patient as compared with those of the healthy control subjects {Cheng et 
al 1999). 
Our results showed that poor bone quality increased the chance of progression. 
All the bone-related parameters, except trochanteric B M C of the convex-side hip 
and tBMD of the non-dominant radius, were significantly associated with the 
incidence of curve progression (x^； p=0.043-0.002). However, not all of them 
demonstrated to have predictive values on curve progression. Our results 
demonstrated that osteopenia was one of the independent prognostic factors in 
predicting curve progression, which can be objectively measured using bone 
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densitometry. Femoral neck BMDage-adjusted of the concave-side hip showed the most 
significant predictive power, among different measuring sites, in predicting curve 
progression in the logistic regression model. In a B M D study of brace-treated AIS, 
Courtois et al. (1999) reported that 27% of their patients were osteopenic and the 
bracing duration for osteopenic group was significantly longer than that for normal 
B M D patients. In addition, low B M D was strongly associated with the presence of 
vertebral wedge and loss of standing height in elderly (Nicholson et al 1993). This 
supported our hypothesis that osteopenia might have a higher risk of progression 
than AIS patients with normal B M D . 
4,2 Non-significant prognostic factors for curve progression 
4.2.1 Anthropometric parameters 
Taller stature and longer arm span were the physical characteristic in AIS girls 
reported by other studies (Skogland et al 1985’ Archer and Dickson 1985). There 
were limited reports on studying the relationship between anthropometric parameters 
and curve progression. Bunnell (1986) reported that there was no significant 
difference on the height-weight ratio between patients with progressive and 
non-significant progressive curvature. Our results also showed that taller in standing 
and sitting height, longer arm span were not found to be associated with curve 
progression, which revealed that abnormal anthropometric features in AIS girls did 
not have predictive value on curve progression. 
In one of our large-scale cross-sectional studies, Cheung et al. (2003) 
demonstrated that abnormal growth, manifested by longer arm span, greater 
corrected standing and sitting height, were observed at the age between 13 and 15. 
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The differences were more pronounced after the onset of menarche when maturity 
was adjusted. At prepubertal spurt (Tanner's Breast stage I), AIS girls were 
significantly shorter and leaner than those of the controls. Current study showed that 
there were 30% of the patients had significantly later onset of menarche and 
therefore, the features of abnormal growth may not be exclusively shown. Thus, the 
predictive power of anthropometric abnormalities was reduced. 
4.2.2 Family History 
AIS patients with family history of scoliosis were not found to be associated 
with the incidence of curve progression in the present study. There were limited 
number of studies reporting the relationship between family history of scoliosis and 
the incidence of curve progression. Similarly, Lonstein and Carlson (1984) revealed 
that no significant difference was found in the incidence of scoliosis in a parent or 
sibling as compared with progressive and non-significant progressive group. This 
implied that family history of scoliosis did not have any predictive power on the 
incidence of curve progression. 
4.2.3 Curve pattern 
Our current results showed that curve pattern was associated with the 
incidence of progression. However, curve pattern was not found to be the predictor 
on progression. This might be due to the fact that we only studied different curve 
patterns (lumbar, thoracic, thoracolumbar and triple), and the level of apical vertebra 
was not taken into account. We speculated that different curve patterns might be 
related to the incidence of progression due to its mechanical differences on spinal 
column. Curve pattern was found to be related to curve progression {Lonstein and 
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Carlson 1984; Soucacos et al. 2000). In general, lumbar curve was the most stable 
curve type among all curve patterns. Peterson et al. (1995) reported that the level of 
apical vertebra in thoracic curve was one of the predictive factors of progression. 
4.3 Predictive model 
Previous study demonstrated that combination of prognostic factors could 
provide better predictive results than using single factor. Mathematical formula was 
mainly used in predicting progression by multiple factors, however there was only 
limited number of studies in the literature {Lonstein and Carlson 1984; Yamauchi et 
al. 1988; Peterson and Nachemson 1995). The prediction of curve progression can 
be divided into two kinds: incidence of curve progression and the rate of curve 
progression. Our objective is to try to predict which curve will progress more than 6° 
or not. The following table summarized three predictive models which were 
established for predicting the incidence of progression. 
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^ , , , J , BMD inclusive 
Conventional Model  
Model 
Peterson and 
Lonstein and 
^ , 门八Oh Nachemson BMD inclusive model 
Carlson (1984) 
丨 ) ( 1 9 9 5 ) 
Study design Retrospective Prospective Prospective 
。1 . 575 girls and 152 159 girls 324 girls 
Subjects 
boys 
Age <16 10-15 skeletal age 11-16 
Initial Cobb 5。-29。 25°-35° 210° 
angle 
i. for Cobb <19。， 2 2 
• progression if > 10° 
P r o g ™ ii. for Cobb 20。-29。’ 
progression if 
Until skeletal Until maturity 2.5 years 
maturity or 
Follow-up 
Risser sign 5 or 
time 
until progression is 
observed 
i. chronological age i. chronological i. chronological age 
ii. Risser sign age ii. Risser sign 
iii. Initial Cobb ii. Risser sign iii. Initial Cobb angle 
angle iii. Apex vertebra iv. Menstrual status 
Parameters in . ^ ,, 
IV. Imbalance of v. BMD 
the model , . 
the spine 
(measured with 
the plumb-line 
method) 
Progression factor = Logit(P) = Logit(P) = ln(P/( 1 -P)) 
(Cobb angle-3x ln(P/(l-P)) = -3.61 = -1.65 + 0.81 B M D + 
Risser sign) / + 2.33Risser + 0.72 Age + 0.91 
chronological age 2.35Apex + Menarche + 1.54 
Mathematical . ^ ……i 
Nomogram was O.SOAge - Risser + 0.19 Cobb 
or used to estimate the 0.85Imbalance between 20°-29° + 
incidence of 1.56 Cobb between 
progression 30。-39。+ 1.52 Cobb 
between >40° 
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Lonstein and Carlson (1984) were the first to introduce a formula of 
progression factor, in conjunction with nomogram to predict the incidence of 
progression in AIS patients. They found that a combination of initial Cobb angle, 
Risser grade and chronological age, which showed high correlation with progression, 
were most predictive for the incidence of progression for curves between 20° to 29° 
(Lonstein and Carlson 1984). However, their predictive model did not incorporate 
with menarchal status and curve pattern which were important factors in 
decision-making. 
Another study on prediction of progression was found in 1995 by Peterson and 
Nachemson. They stratified all the potential risk factors into different categories and 
a powerful statistic approach, the logistic regression, was used to identify the 
prognostic factors and to predict curve progression. Their results showed that Risser 
grade, level of the apical vertebra, the presence of imbalance (measured as the 
perpendicular distance more than 10mm from a plumb line dropped from the spinous 
process of the seventh cervical vertebra to the crena ani (intematal cleft)) and 
chronological age were the prognostic factors in predicting progression of at least 6° 
{Peterson and Nachemson 1995). The estimated probability of progression could be 
calculated from an equation derived from the regression model. The sensitivity of the 
model was found to be 81%. They found that Risser sign and the location of the 
curve were strongly predictive of the progression. However, they found no difference 
in the incidence of progression between curves that were 25° to 29° and those of 30° 
to 35°. In addition, menstrual status was not considered in the model. 
A new predictive model for predicting the incidence of curve progression was 
established in the present prospective study. We adopted a similar statistic strategy, 
logistic regression, which has been used in the study of Peterson because this is one 
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of the best methods to study the prognostication for categorical variables. Our 
regression model involved five prognostic factors: BMDage-adjusted femur neck of 
concave-side hip, age at diagnosis, menarche status, Risser grade and initial Cobb 
angle. The level of significance of each factor was as follows: initial Cobb angle 
(with the highest significance), Risser grade, menarche status, bone mineral status 
and age at diagnosis (with relatively lower significance). There were only few papers 
reporting the prediction of curve progression in AIS prospectively {Peterson and 
Nachemson 1995; Soucacos et al, 2000). The predictors that were found consistently 
with other studies on progression included were younger age at diagnosis, 
pre-menarche, lower Risser grade and greater initial Cobb angle. In addition to these 
well-known factors, an additional prognostic factor, i.e. bone quality measured as 
B M D , was a new proposed factor which was demonstrated an even greater predictive 
power than one of the growth potential factors - younger age at diagnosis in the 
current results. 
The accuracy of our regression model could be reflected by the area under the 
R O C curve (AUG = 0.80) which represented the model being ranked as a fairly good 
model. Although the statistical strategy were similar between our current study and 
the study by Peterson, the results or the magnitude of sensitivities of the model was 
not directly comparable since they were generated from two different populations or 
ethnics groups. In order to evaluate the significance of the value of objective B M D 
measurement in the prediction, we constructed different regression models (BMD 
inclusive and conventional) for comparison. 
—• “ m 
Chapter 4 - Discussion 
4.4 Comparison of predictive models between BMD inclusive model and 
conventional model derived from our population 
The current study established two regression models in predicting curve 
progression. B M D inclusive model involved all the well-known predictors (age, 
menses, Risser and Cobb) plus B M D ; conventional model involved all the 
well-known predictors only. When comparing the results of B M D inclusive model 
and those of conventional model using the same Example as shown in Results 
section, we found that there was 9% difference in the probability of those patients 
who showed progressive curve (30% in B M D inclusive model vs. 21% in 
conventional model) {refer to the Results section p.69-70). Based on our findings, 
we do not know if this 9% difference is underestimated by the conventional model 
or overestimated by the B M D inclusive model. In reality, it is impossible to predict 
which curve will or will not progress with absolute accuracy. However, the more the 
prognostic factors involved in the model, the more accurate the prediction {Hosmer 
and Lemeshow 1989). Therefore, B M D served an objective measure or risk factor in 
prediction of curve progression of AIS patients. 
In literatures, there were only two predictive models, which have been 
summarized in the previous table, for predicting the incidence of curve progression 
in AIS patient. It is not possible to have a 'direct’ comparison between our new 
model and the classic models because the models were based on different range of 
patient characteristics and contained different risk factors in the models. For 
example，in Lonstein and Carlson's study, the progression factors and the nomogram 
were only valid for curve between 20° to 30° regardless of the menstrual status 
(Lonstein and Carlson 1984). In Peterson's study, although we used a similar 
statistic strategy, their regression model was only applicable for thoracic curve 
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between 25° and 35° {Peterson and Nachemson 1995). 
4,5 Possible relationship between osteopenia and etiopathogensis of AIS 
The pathogensis of AIS is still unknown, however, the causation was thought to 
be multifactorial (Burwell and Dangerfield 2000; Perdriolle et al 1993; Asher and 
Burton 1999). One of the proposed hypotheses was a loss of coupling in 
endochondral-membranous bone formation in the spinal column. Previous studies 
showed that the anterior column is longer than the posterior column in scoliotic spine 
(Guo et al. 2003; Deane and Duthie 1973; Roaf R 1966). Anatomically, the spine 
consists of two columns which are connected at regular intervals (Daves 2001). The 
anterior column includes the vertebral bodies, and the posterior column is formed up 
by the pedicles, laminae, superior and inferior articular processes, transverse 
processes, and spinous processes. The longitudinal growth of the anterior column is 
contributed by the ring apophysis or growth plates of the vertebral bodies 
(endochondral ossification) and continues until 16-18 years in girls (Currarino et al 
1986; Xiong et al 1994). In contrast, the endochondral ossification of the posterior 
elements terminates by the end of the first decade. After that the posterior elements 
grows only circumferentially through periosteal membranous ossification (Ogden et 
al 1994). Our recent study on the vertebral morphometry of thoracic vertebrae of 
AIS girl, by using magnetic resonance imaging (MRI), demonstrated that there was a 
relative anterior spinal overgrowth in AIS girls {Guo et al 2003). The ratio of 
differential growth, calculated by anterior height of vertebral body / posterior height 
of vertebral body in sagittal plane, along the longitudinal axis between the posterior 
and anterior elements of each thoracic vertebra (T1-T12) in the AIS group was 
significantly larger than that in the controls (pcO.Ol for all). This provided indirect 
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evidence supporting the hypothesis that uncoupled endochondral-membranous 
ossification could cause relative anterior overgrowth in AIS girls. Current study 
showed that 34.9% of AIS have taller stature (>1SD) than that of age-matched 
normal controls. Moreover, significantly lower B M D or generalized osteopenia 
(approximately 27%) was found in AIS patients in the current study and those of 
others (Cheng and Guo 1997; Cheng et al. 1999; Cheng et al 2000; Cook et al 1987; 
Thomas et al 1992). The relatively taller stature in AIS reflected active longitudinal 
growth by endochondral ossification. The low B M D or osteopenia during rapid 
growth period could represent a relative smaller bone mass and slower 
circumferential bone growth. Therefore, poor bone quality may play an important 
role in the etiopathogensis of idiopathic scoliosis in adolescence. 
4.6 Axial measurement has a better predictive power in curve progression than 
peripheral measurement 
Our results from the single factor logistic regression analysis showed that spinal 
B M D , BMC, convex-side femoral neck BMC, concave-side femoral neck, 
trochanter and Ward's triangle B M D were the prognostic factors, while all the 
volumetric B M D parameters were excluded. These implied that volumetric B M D s 
measured by pQCT did not have extrapolative power in predicting curve progression 
as compared with a B M D of D X A measurement. One possible reason is that hip is 
more subjected to both compression and bending force, which contributed to have 
more osteogenic effect, while tibia is mainly subjected to compression only. 
Previous correlation studies reported that the highest correlation coefficients were 
observed within axial skeleton (i.e., B M D of spine and hip) (r=0.75) using D X A as 
compared with the correlation between axial (spine) by D X A and appendicular 
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(distal radius) skeletons by pQCT (r=0.46) {Formica et al 1998; Grampp et al 1995; 
Genant et al. 1996). Moreover, Formica et al. revealed that pQCT had poorer ability 
to discriminate persons with vertebral fractures, and appeared to be less sensitive 
than measurements using D X A {Formica et al 1998). Cummings et al 
demonstrated that a measure of bone mass at the proximal femur was as good as a 
predictor of spine or forearm fractures and are the site-specific measurements 
{Cummings et al. 1993). In addition, Thevenon et al. have shown in 56 women that 
the lumbar scoliosis angle was significantly negatively correlated to the femoral 
neck B M C but not with spine B M C {Thevenon et al, 1987). These might also 
support our results that B M D measured by D X A had a better predictive power than 
pQCT in predictive curve progression in AIS. 
4.7 Discordance of BMD in bilateral hips 
The present study revealed interestingly that there was statistically significant 
difference in B M D of bilateral hips measured using DXA. Left and right hips were 
redefined according to the convexity of the major curve (refer to Methodology 
p.26-27). In normal individuals, the B M D values of the bilateral proximal femur do 
not show significant differences (Brownbill et al. 2003). However, in scoliosis 
patients, the convexity and the pattern of the curve may contribute to the transfer of 
different loading onto the two sides of hip. Our results showed that the convex-side 
femur neck B M D was significantly lower than that of the concave-side hip (p=0.01). 
However, there were no significant differences in the tBMD of the bilateral distal 
tibia (p=0.88). A study from Hans et al also showed that femur neck B M D was 
lower on the convexity side in 15 females with structural lumbar scoliosis. He 
explained this phenomenon by the fact that there was a transfer of trunk gravity line 
“ iTs 
^apter 4 - Discussion 
to the convexity side, inducing additional force on the opposite hip which caused the 
asymmetrical repartition of bone on the femoral neck (Hans et al. 1996). 
4.8 Method justifications 
4.8.1 Definition of curve progression 
There was no specified definition on the amount of degree of curve progression 
in scoliosis. 5° or 6° was suggested because the inter-observer variation for Cobb 
measurement was between 5° and 6°. In our clinical practice, 6° was used for 
defining the presence of curve progression. The cutoff value of 6° was also reported 
in previous studies (Peterson and Nachemson 1995; Soucacos et al 2000), 
4.8.2 Incidence of progression as the outcome of prediction 
Predicting the incidence (Yes/No) of curve progression is more clinical relevant 
than predicting the actual amount of progression because the decision making for 
prescribing treatment is based on if the curve will progress or not. 
4.8.3 Selection on bone densitometers 
There are numerous of non-invasive methods to measure B M D , including single 
and dual photon absorptiometry (SPA, DPA), D X A and pQCT or aQCT. Up to date, 
D X A measurement is the gold standard to assess B M D and to diagnose for primary 
and secondary osteoporosis in both geriatric population {Meunier et al. 1999; 
Genant et al 1996) and secondary conditions in pediatric studies (Giampietro et al. 
2003; Abes et al 2003). B M D studies on trabecular-rich bone in children have also 
been reported by using pQCT {Binkley and Speaker 2000; Neu et al 2001; Frost 
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and Schonau 2000). 
Age-adjusted B M D and B M C were calculated to discriminate those who were 
osteopenia or of low bone mass from patients with normal bone status. Adolescence 
is the crucial time for bone mineral accretion, with about 30% of the total bone 
mineral density in adult life being deposited at the age of 11-15 (Martin et al 1997). 
Because of the huge percentage change in the rapid growth period, B M D and B M C 
values were adjusted by age so that osteopenia could be identified in avoiding the 
age effect. The prevalence of osteopenia in AIS patients of the current study was 
found to be 23.8% to 31.1%, which was comparable with the previous reported data 
showing that about 22% to 35% AIS patient demonstrated osteopenia (Cheng et al 
2000; Courtios et al. 1999). 
B M D value of the spine is affected by the vertebral rotation in D X A 
measurement (Cheng et al 2001; Girardi et al. 2001). Cheng et al. (2001) performed 
an in vitro study, using cadaver vertebrae L2-4, to study the effect of vertebral 
rotation of the lumbar spine on D X A measurement. They demonstrated that there 
was a significant positive correlation between the degree of axial rotation and the 
measured bone area (r = 0.747; pcO.Ol) and a significant negative correlation 
between the degree of rotation and B M D value (r = -0.665; pcO.Ol). However, no 
significant correlation was found between degree of rotation and B M C (p=0.966). 
The measured bone area increased approximately 24% and B M D decreased 
approximately 19% when the vertebrae were rotated by 45°. This can be explained 
by the fact that the posterior element, like transverse processes, of the vertebra is 
exposed on the projectional area under axial rotation. Therefore, the projected bone 
area is increased. Since B M D is calculated by B M C over the projected bone area, 
thus B M D will be underestimated. B M C is the value of bone mass as a whole, and 
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hence B M C remains constant regardless of the degree of rotation. Similar study has 
been done by Girardi et al (2001) and comparable results were obtained. Therefore, 
B M C of the spine or proximal femur are suggested to be more reliable measuring 
sites for patients with spinal deformities. 
4.9 Clinical significance 
The clinical significance of better prediction, especially involving B M D as a 
new and unique factor in curve progression in AIS patients, is specified as follows. 
B M D assessed by D X A might serve as one of the objective measurements for 
predicting the incidence of curve progression. In usual clinical practice, bracing or 
surgery is suggested for patients who are at high risk of progression in scoliosis. 
There were about 30% of AIS patients who suffer from osteopenia (Cheng et al 
1999, 2000; Courtois et al 1999). Osteopenia is a persistent phenomenon that 
significantly lower B M D was found at the first measurement as well as the follow-up 
measurements until skeletal maturity (Thomas et al. 1992). In the study by Cheng et 
al., the oldest age for B M D measurement was 17 years, at or close to skeletal 
maturity, and the longest follow-up was 36 months in 14 AIS patients. Persistently 
low B M D in AIS patients could result in a significantly low peak bone mass in 
adulthood (Cheng et al. 1999). Low peak bone mass was the main determinant of 
osteoporotic fracture later in life (Hawker et al. 2002; El-Hajj et al 2002; Saggese et 
al 2001). 
If the validation of the new proposed predictive model is performed, it may help 
the physicians in picking up those cases who were at high risk of progression and 
therefore appropriate treatment can be provided in a more objective way of decision 
making. 
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4,10 Limitations and Future Studies 
4.10.1 Limited follow-up time 
In the present prospective study, the incidence of progression was followed for a 
period of 2.5 years on average. There were only 60% of the cases reaching the age of 
16 years old at the time of the final clinical visit. It is more meaningful to extend the 
follow-up period until skeletally maturity for all patients and this will give a 
full-scale analysis on the incidence of progression. 
4.10.2 No defined cutoff value for “osteopenia，，or low BMC in paediatric area 
One of the key findings in this study is that osteopenia was associated with 
curve progression. Age-adjusted B M D and B M C of -ISD were used to identify 
patients who were osteopenic and low bone mass respectively. By the definition of 
World Health Organization, the terms of osteopenia or osteoporosis is mainly used 
for postmenopausal women who have B M D below or equal to -1 or -2.5 SD 
respectively, as compared with peak bone mass of the same population. However, 
there were limited numbers of studies on bone mineral profile in the area of 
paediatrics or scoliosis. The cutoff value of age-adjusted B M D at -1 SD was 
generally accepted in scoliosis research (Cook et al 1987; Thomas et al 1992; 
Cheng and Quo 1997; Cheng et al. 1999; Cheng et al 2000; Courtois et al 1999). 
4,10.3 Predictive model could only applied in local population 
Since the newly proposed predictive model is derived from a group of AIS 
patients in the local population, different ethnic groups may have diversified patient 
characteristics. Thus, the newly proposed predictive model may only apply for 
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predicting curve progression in local region. The current predictive model can set as 
a reference and similar predictive models can be constructed within individual 
population set of data in different ethnics groups. 
4.10.4 Intrinsic error in Risser grade measurement 
There was a well-defined grading system to correlate the skeletal age and Risser 
grade at different stages {Lonstein 1995). However, there was a relatively high 
intrinsic error in this subjective measurement. In order to reduce the radiation 
exposure on the breast in scoliotic patients, PA radiographs is preferred. One of the 
pitfalls in using PA film was that there would be a problem of parallax (Sanders 2003 
Chapter 65). Previous study showed that the Risser sign evaluated from the PA film 
varied with that on the AP view 42% of the time (Izumi 1995). Since Risser grade 
was one of the most important prognostic factors in predicting progression, the 
limitation of this intrinsic error should be taken into account. 
4.10.5 Further studies 
4.10.5.1 Validation of the newly developed predictive model 
Current study showed that osteopenia at the concave-side of the femoral neck is 
a new proposed factor, in addition to all the well-known predictors (age, menses, 
Risser sign and Cobb angle), which significantly increased the predictive power of 
curve progression in AIS patients. It could be of great clinical significance if a 
validated predictive model can be used as an objective guide for decision making in 
patient treatment. Validation of the present model is an important issue before putting 
into clinical practice. 
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4.10.5.2 Possible intervention of osteopenia 
Traditional treatments for preventing osteoporosis may not be suitable for 
treating scoliotic children, since osteoporosis in elderly is mainly induced by 
estrogen depletion, while the mechanism of osteopenia in AIS is still unknown. 
Factors affecting the bone mass acquisition in children included genetic factors and 
lifestyle factors. Genetic factor has been shown to have a significant effect on the 
peak bone mass in young normal adult population {Krall and Dawson-Hughes 1993). 
It has been shown that estrogen exposure of young females during the puberty years 
was highly correlated with the B M D in the spine (WUlner and Johnell 1981). Low 
estrogen level in AIS girls has also been reported previously {Worthington and 
Shambaugh 1993). It is well known that nutritional intake is an important factor 
affecting skeletal development and the B M D level in adolescent. Association 
between AIS and poor nutrition has been reported (Pratt and Phippen 1980). 
Therefore, we speculated that the cause of osteopenia was different from that of the 
elderly. Studies showed that high calcium diet and weight-bearing physical activities 
had a positive association in bone mineral accretion in growing children {Jam 2002; 
Cromer and Harel 2000; Weaver 2002). Programmed exercise and increasing 
calcium dietary intake may be the possible interventions for osteopenic AIS patients 
for further investigations. 
4.10.5.3 Long term follow-up B M D measurements and fracture risk in AIS patients 
Presence of osteopenia at the stage of adolescence may have a chance of having 
lower peak bone mass in their later life. Peak bone mass is one of the main 
determinants in fracture risk (Hawker et al. 2002). Thus, long term follow-up on the 
bone mineral status is worthwhile in studying the incidence of low peak bone mass in 
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osteopenic AIS patients. Osteoporosis is strongly associated with higher risk of 
osteoporotic fractures, therefore, lifelong follow-up of the fracture rate in AIS 
patients in their later life may have great clinical implications in managing 
osteoporosis in children. 
4.10.5.4 Discordance of bilateral hips B M D contributed by the shift of center of 
gravity 
Besides, discordance of B M D in bilateral hips was found in the present study, 
and the osteopenia on the concave-side hip was also found to be predictive for curve 
progression. Therefore, further studies on the effect of the shift of the center of 
gravity on the B M D differences of bilateral hips in scoliosis are valuable. Other 
additional predictors, like posture-related or hormonal-related factors which have not 
been included in this study, may have great potential for further improvement of the 
predictive power. 
4.10.5.5 Axial Q C T can be an alternative method in assessing B M D in scoliotic 
patients 
There was a technical limitation to study the trabecular B M D on a scoliotic 
spine by using DXA. Axial QCT is able to measure the trabecular B M D regardless of 
the bony change and the strongest predictive power on predicting vertebral fracture 
has been reported in comparing with D X A or pQCT technique {Formica et al 1998). 
Axial QCT measurement is an optional technique for B M D measurements in future 
study. 
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V. Conclusion 
The present study investigated that osteopenia at different skeletal sites, which 
including lumbar spine and proximal femur, by using D X A is associated with the 
incidence of curve progression in AIS girls. However, the anthropometric parameters 
did not found have significant association in curve progression. Younger age at 
diagnosis, pre-menarche, lower Risser grade, osteopenia and greater initial Cobb 
angle are the prognostic factors in predicting curve progression in AIS. Osteopenia at 
the femur neck of the concave-side hip is a new prognostic factor in predicting curve 
progression. Bone density measurement by using D X A may then serve as an 
additional objective measurement in predicting curve progression. A B M D inclusive 
predictive model was established, Logit (P) = -1.65 + 0.81 osteopenia at 
concave-side femur neck + 0.72 younger age (11-13) + 0.91 menarche not yet 
started + 1.54 lower Risser grade (0-1) + 0.19 Cobb between 20°-29° + 1.56 Cobb 
between 30。-39。+ 1.52 Cobb between >40。，which may be useful for clinical use 
in helping physicians for planning appropriate treatment for progressive curve in 
future. 
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Appendix 
香 港 文 大 學 威 爾 斯 親 王 醫 院 镜 形 外 科 及 創 傷 學 系 
骨質密度、血生化及基因檢查同意書 
姓名 *扮註號竭  
性别 _出生日期 . ‘ - f 量 身高 
登記號碼 
本人與骨質密度择描檢查有關之身體狀況 
1.身體有否安装植入下列醫療器材 
] 人 關 節 口 義肢 
] 内置騰島素注射器 口 血管内金屬性堵塞物 
] 骨科金屬釘、金展片或金廣線 0 其它 
2.曾接受任何形式之手術 _ 
如有，祷歹I丨曰月 
3.其它，請列 明 ： 
本A：在此聲明，以上資料全部屬實，并無隱滿。而醫生也己向本人講 
明EEXA及pQCn：爲低放射線骨質密度检查。骨質密度检查、血生化及 
基因檢查的結杲可能用於醫學研究°整個檢查程序本人也已獲得全面 
解釋，本人*悉意/*不悉意接受上述之各項檢查。 
受試人監護人 *簽屬 受試人監護人*姓名（正措] 
醫生簽屬 醫生姓名（正措) “ 
19 ^ 月 日 請删除不適周者。 
Appendix I. A consent form for the study.  
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Low bone mineral content is one of the risk factors in 
curve progression of adolescent idiopathic scoliosis 
VlvianwingTing Hung' ’ Ling Qin' ’ Siuking Cheung' ’ Kia Cuo" and Jackchunyiu Cheng' 
‘Department of Orthopaedics and Traumatology, The Chinese Univereity of Hong Kong 
'Department of Rehabilitation Science, The Hong Kong Polytechnic University 
Ob ject ive Adolescent idiopathic scoliosis ( M S ) is a three - dimensional spinal deformity with imknown cause. 
Curve progression mainly occurs in the period of rapid growth. Previous studies demonstrated generalized osteopenia in 
AiS patients. However, the association between osteopenia and curve progress has never been reported. The aim of 
this study is to investigate if osteopenia is one of the risk factors in curve progression of AIS patients. 
Ma t e r i a l a n d me thods 326 AIS girls, aged U - 16，with Cobb angle at least 10( were recmited into the 
study. Bone mineral density ( B M D ) and bone mineral content ( B M C ) at the lumbar spine region (L2 - 4 ) were 
measured by dual energy X - r a y absorptiometry ( D X A ) • Age - adjusted BMD and BMC below - 1 standard de-Wa-
don ( S D ) were counted as osteopenia and low BMC respectively. Age at diagnosis, menstruation status and initial 
cuive severity were also obtained. The clinical follow - up period is 2 . 4 yeais. Any Cobb angle increment of at lea^t 
6( was classifying as progressive cuive. Univariate Chi - square test and logistic regression were used for the statistic 
analysis. 
Results The evaluation showed that low spinal BMC, younger age at diagnosis ( 1 1 - 1 3 yeai3 of age) ’ men-
arche not yet started，and greater initial cobb angle were the risk factore identified in curve progression of AIS girls. 
The odd ratio for each risk factors were： 1 .98 for low bone mass, 2 . 9 4 for younger age group ( 1 1 - 1 3 yeare of age) , 
3 . 8 6 for patient who has not started their menarche and 2 . 53 and 3 . 8 0 for imdal cobb angle between 30( - 39( and 
greater than 40( respectively. . 
Conc lus ion .TTiis Is the firet study to show that, unlike spinal B M D , the spinal BMC value which is not affect-
ed by spinal deformity and therefore shall serve as an important objective measurement paiumeter for predicting curve - . 
‘ progression In A IS . The clinical significance of this finding is Lhat measurement of spinal BiMC may help sui-eons for 
better treatment planning. 
Parathyroid hormone anabolic effects on bone 
David Kendler (Canada) 
Biophysical stimulation for bone repair, remodelling & maintenance 
Edmund Y . S . Chao. PhD 
Biomechanics Laboratory 
Department of Orthopaedic Surgery 
Johns Hopkins University, School of Medicine 
Baltimore, Maiyland 21205 - 2196 
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S C o r r e l a t i o n o f B o n e M i n e r a l D e n s i t y M e a s u r e d by Ca lcanea l O s t e o p e n i a is A s s o c i a t e d w i t h C u r v e Progression in A d o l e s c e n t iCT ‘ 
_ U l t r a s o u n d a n d D u a l E n e r g y X - r a y A b s o r o t i o m e t r y in T a i w a n e s e I d i o p a t h i c Scoliosis 岂 ^ ULmi. WJ. Yaoi CS. Chang-, Y.Y. Chen], T.C Chang', V.W.Y. Huna'. S.K. Cheung', L. Qin'. X. Guo', J.CY. Cheng' • '' 
J-H. Wang', F.H. Lu', C.J. Chang' 'Department of Orthopaedics and Traumatology. ！ 
'Department of Family Medicine, National Cheng Kung University Hospital, The Chinese University of Hong Kong, Hong Kong 
Taiwan 'Departmenr of Rehabilitation Sciences. 
^Nuclear Medicine, National Cheng Kung University Hospital, Taiwan The Hong Kong Polytechnic University, Hong Kong 
'Section of Family Medicine, Tainan General Hospital, 
Depanment of Health, Taiwan introduction Osteopenia m adolescent idiopathic scoliosis (AIS) was reported 
our prev ious studies. The a im of this study was to invest igate w h e t h e r there is 
O b j e c t i v e To assess the cor re la t ion of bone mineral density (BMD) of d i f ferent association be tween osteopenia and curve progression m AIS patients. ’ 
regions measured by calcaneal u l t rasound and dual-energy X-ray absopt iometry M e t h o d s 348 unt reated AIS girls aged 11-16 and w i th Cobb's angle more than , 
(OEXA) in b o t h males and females. 10° were recruited. Oual-energy X-ray Absorpt iometry (DXA) was used to measure ‘ 
M e t h o d s O u n n g 1998 to 2001, o n e t housand and t w o hundred twen ty one 二 d non-dominant h,p at the time of diagnosis. Age-
chronic diseases .n Ta.nan. Those w h o have incomplete data, amputat ion and CVA- increment of at least 6 �w a s counted as progression w.th.n an average fo l low-up of 
contracture were excluded. Finally, a tota l of 528 male and 604 female subfects 2.4 years. Risk factors for curve progression included: age at diagnosis, menarche 
aged >20 were analyzed in this study. A f te r an overn ight fasting, the 8MOs were status, age-a(j)usted BMD and initial cobb angle. Chi-square was used for categorical 
measured by the me thod of calcaneal ultrasound, reflected as broadband ultrasound analysis, 
a t t e n u a t i o n (SUA, dB/MH.—, C U 8 A C L i N I C A L " ' , M K 2 . 6 , M c C u e Ul t rason ics . Resu l t s 3 5 . 6 % was f o u n d to have osteopenia . Incidence of progression in 
Winchester, UK) and t o t a U u m b e r and h ip OEXA (g/cm-, OPX-L, Lunar radiat ion osteopenic pat ients ( 54 .0%) was significantly greater than chose w i th normal BMD 
Corp, USA), respectively. (42.0%)、•(：‘ P=0.031) . The inc idence of progression reduced as the age at the 
- r . L , • , �O A scoliosis p resenta t ion increased. Signi f icant greater oercentage of incidence in 
Results The Significantly h igh correlat ion coeff icients were found between CUBA- progression was shown .n patients w h o had not started their menarche at the t ime 
dern/ed and OEXA-denved 8MOs ( r=0 .470 - 0 .557) . The est imated equat ion for of presentation than menarche occurred (78 .8% vs 38.7%/(厂 P<0 001) incidence 
total 8 M D (g/cm勺 o f DXA = 0 . 8 1 0 + 0 . 0 0 2 0 1 x 3UA (d8/MH.) • 0 .00105 x age of progression increased w i t h greater initial curve magni tude. 
- 0 . 0 7 3 7 X m e n o p a u s e ( p o s t = l , p re=0 ) - 0 . 0 1 4 8 x sex ( m e n = l . women=TD) . D i s c u s s i o n a n d C o n c l u s i o n Th.s was the f.rst study to show chat there was 
0 .01187 X 8M1 (R = 0 .738, adjusted R- = 0.542). S ign i f i can t a s s o c i a t i o n b e t w e e n o s t e o p e n i a and curve p rog ress i on . 8 M 0 
Conc lus ions The ul trasound-denved calcaneal BMD is compatible to OEXA-denved measurement at the t ime of diagnosis may serve as a useful objective measure in 
8 M 0 5 and cou ld be used as a feasible surrogate of 8 M 0 measurement in cl.n.cal predict ing curvature progression m AIS patients, 
practice. 
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P Is B M D - Q U S M e a s u r e m e n t Resul t A p p r o p r i a t e to I m a g e Processing o f P r o x i m a l Femur R a d i o g r a p h s for H 
_ D i a g n o s e O s t e o p o r o s i s ? O s t e o p o r o s i s Assessment 园 
C Privdmbada C Nugraha \ Rachmat G. Wachjudii Tati R. Mengko' Tati R. Mengko7. Tjandra Pramudito . Rachmat G. Wachjudi* u3 
'Medical-electronics Engmeenng Departmenr, POLTEKKES Surabaya 'Biomedical Engineering Laboratory, Depanmenc of Eleancal Engineering, 
^^Rheumatology D/ws/on, Internal Medicine Depanment, Bandung Institute of Technology, Indonesia 
FK-UNPAD, Bandung , 'Department of Internal Medicine, Faculty of Medicine. 
•Biomedical Engmeering, Electrical Engineering Department . Padjadjaran University/ Indonesia 
FTl _ ITB, Bandung _ 
On radiographs cancellous (trabecular) bone structure appears as a distinct pattern. The 
A rr,edic3i equioment with ultrasourd-.vave iecnpcicgy, A^ich caied Q-anmative Ultrasound (QUS). ‘s characteristic change of this distinctive patern teil whether somebody has a healthy or 
reacily available to measure bone ^as5/minerai ⑶ty 3MD丨 as a ；ooi Qiagnosmg osteoporosis, rhis osteoporotic bone. The use of trabecular patern change for the diagnosis of osteoporosis 
, equioment measures the quantity cf uitrasounc-.'.ave ：广at passes 'hro'-cn neel-bone (calcaneus). The was first proposed m the 1960s using radiographs or proximal femur. The diagnosis was 
fT.easuremeni results are expressec ？ T-score ano Z-5Core. known as Singh index grading system but always been considered too variable for diagnosis 
The characieristics of QUS are simoie, save, and creao. out tne ou:out resjc not accurate. WHO'S goic or epidemiology. The aims of this research was :o help the Physician m diagnosis of 
standard' for BMD measurement is O-jal-energy X-,av Absorbnorre r^/ lOXA- Up to now. m Indonesia DXA osteoporosis by providing quantitative information about [rabecuiar pattern recorded :n 
has been available only at Jakarta. 3ui assessn^en ccsi of CXA is re-ativeiy excensive for Indonesian people. radiographs of proximal femur. 叫S and DXA use Japanese woman bene as rete-rce. More recently image processing techniques have shown promises as a methodology wh.ch 
Statistical analysis of 1S paralel assessment resuis /rom QUS-OXA is done 'o get correlation coeficient can overcome the limitations of the observer grading. The rnnage processing technique 
and mathematical equation beaveen r.vo assess-rent results. T-icores frcr^  QUS are corelated to gr/or^  that suit the task is texture analysis. Texture analysis calculated features of trabecular 
,_. .. and r-scores from DXA of FN (ferrorai-necb. LS •mbaHOinQ- ard RO a^Ciusi Z-scores from OUS are patern recorded in radiographs of proximal femur using multichannel filtering such as 冗:：：: corelated to Z-scores from OXA of PN. LS and RC. 5tarisi;cat araivSo is ai50 cone to 132 QUS T-score data Gabor filter and wavelet transform. Multichannel filtering were capable to mimics 
�p :厂; i from woman population with peak cone mass ace. in orcer ；o ce- xpuia;ion T-score mean value. characteristics of the human visual system. The extracted features 丨n the form of energy � 
卞..；:. QUS assessment results are corre!5:ea ;o OXA 55还res-.:s at :「'？》site with mean correlation then used m the assessment of osteoporosis using real-time adaptive clustering network t；''" > coeficient of 0.67. The mean c:' correlation cce'ric.ert go; 'om OX二 assessment results ai three that produced clusters as the representation of the degree of osteoporosis. 
; r^e臺顺sK=0“3lMoreae'.0-US 細 广 巧 丨 T h e r e are 55 radiographs of prox嶋丨 femur used in ch.s research from which 15 
’at丨on.:oge=XA-?赃ihe^ ear -Kcre-esuteccv rad.ographs have S.ngh hdexof 3. 16 radiographs haveS.ngn incex of 4. 20 radiographs 
^ ' '1 .minus cne). This value is then usee as a cori-ectc "actc cr ire o'3viCL.>cr,cinal QUS rererence equation. r . “，」 ‘ r “一 」. “ “ ’ , , ^ ； . .. . ^  . . 
r 'K：^' 50 :hat we can have local reference ec.ancn ara :ca. c.e.on ‘ haye S.ngh index of 5 and 4 radiographs have Index or。The S,ngh index o 卜 i radiographs were provided by physician. The 55 raciograons usee n this research were 
O ！ CUS-DXAcorelation equation -sar -sv-e' :or'are arc CXA assessment. Furthermore. ！ocai preprocessed to improve the image quality. 
- ， reference equation and local cmencr are seve'ai /.avs :o x'ease QUS xc-zacv as bone mass/miner si 广..， density measurement tool. Hope'- v. :n:5 researc- .,v山-crease -e cc…引;r/ or OUS assessment resu：: The healthy bone has found to have higher energy :han osteoporotic bone. The screening 
二 ‘ cu:ng :he oraess or diagnosing.，j5C :re acc-r^c. c:agros.s.. ； rcraie et:ec:iveness & efkierc. and assessment of osteoporosis can be pertormea ay using .'eal-ore adaptive clustering 
ci -"eracy. and finaly it wil raise ：-= ：二 : ？3二 se'. ：5 network ,/•巾 quite good result. 
• Keywords bone .Tias3/m:ne'5i —5 ：；. 广 . ? . 厂：-es.：!. staciticai analvvi Keywords osteoporosis, texture analysis, irabec-idr pai:e<n. S>rgr ！ncex. Gabor filter. 
'?、'？"〔？. :crfec:;cn •'acicr, ccf'= 3' r I waveiet -ransform. ^ 
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A Three-year Retrospect ive Study on the Work-re lated Rehabilitation Outcomes of Patients 
with Low Back Pain after Spinal Operations 
L a w R K Y ’ i P o o n P Y H . ' M a J S L / C h o i S H ^ 
'Physiotherapy Department, Alice Ho Miu Ling Nethersole Hospital, Hong Kong; ^Department of Orthopaedics and 
Traumatology, Alice Ho Miu Ling Nethersole Hospital, Hong Kong. 
I n t r oduc t i on : S i n c e t h e r e w a s n o local d a t a on w o r k - r e l a t e d r e h a b i l i t a t i o n o u t c o m e s o f p a t i e n t s w i th b a c k pa in a f t e r s p i n a l o p e r a t i o n s , 
it is worthwhi le to study these ouccomes for management of patients' expectation postoperatively. 
Methods : Twenty patients (14 male and 6 female, mean age of 42) with low back pain and sciatica with spinal operations including 
diskectomy, laminectomy and spinal fusion were retrospectively studied for their physical demand classification and physical 
capabil i t ies in various postures. A Short Functional Capacity Evaluacion was arranged to document these physical capabilities 
at 3 months postoperatively after a program for postural advice, l umbar stabi l izat ion exercises, strengthening exercises and 
physical condit ioning. 
Resul ts : It was found that 60% of the patients had their injury at work and 70% of the patients' occupations were classified as very 
heavy and heavy level. Only 25% and 5% of cheir occupations were classified as medium and sedentary level respectively. However, 
only 20% of patients were classified as medium physical demand level: 60% of them were classified as light level and 15% of them 
were classified as sedentary level after the operation. The mean leg lift poundage and shoulder lift poundage were 32 ± 18 lbs and 
23 ± 12 lbs respectively. The mean overhead lift poundage and carrying poundage were 19 ± 丨0 lbs and 33 ± 19 lbs respectively. 
Discussion a nd Conc l us i on : In conclusion, it was found that【here was a mismatch in patients' physical demand after operation and 
their j ob demand. Only liWc and 60% of" patients were able to manage jobs of medium and light physical demand level respectively. 
Such information is bene t l c ia l for p reopera t i ve adv ice and j o b p lann ing o f these pat ients. 
6.5 
Osteopenia is One of the Risk Factors for Curve Progression in Adolescent Idiopathic Scoliosis 
H u n g V W Y . 1 C h e u n g S K / Q i n L , ' G u o X,^ C h e n g J C Y ^ 
'Department of Orthopaedics and Traumatology, The Chinese University of Hong Kong, Hong Kong; ^Department of 
Rehabilitation Sciences, The Hong Kong Polytechnic University, Hong Kdng. 
I n t r o duc t i o n : Adolescent idiopathic scoliosis (AIS) was manifested with osteopenia found in our previous.studies. Risk「actors for 
curve prosression. such as aue. curve pattern, curve magnitude, and maturity, have well been studied. This study was to investigate ‘ 
‘ whether osteopenia would serve as one of [he important risk factors for curve progression in AIS patients. 
Methods : We recruited 348 untreated A IS patients aged I 1-16 and with Cobb's angle at least I0°o. Bone mineral density (已iMD) at 
lumbar spine (L2-L4) was measured using Dual-energy X-ray Absorptiometry ( D X A ) . B M D Z-score below -I SD was ciassiHed as 
osteopenia. Radiosraph was taken for measuring Cobb's angle. Increment oK at least 6°° in any curve counted as progression. The 
follow-up was 2.4 years on average. Chi-square was used for categorical analysis. 
Resul ts : 46.37c of 348 patients showed progressive curve. Incidence of progression in osteopenic patients was 51.39c. significantly 
greater than patients with normal B M D (42.5%) (x*： p = 0.015). The incidence of progression reduced as age at presentation 
increased. Lumbar curve was found to be the most stable curve type. Incidence of progression increased with greater initial curve 
magnitude. Significant greater percentage of incidence in progression was shown in patients who had not started their menarche a【 
the time of presentation than menarche occurred ( 7 8 服 vs 38.79H (-/-; p <0.001). 
Discuss ion a nd Conc l u s i o n : This was the first study to s h o w that osteopenia at the spine region was significantly associated 
with curve progression. Low bone mineral status might serve an addit ional important risk predictor tor curve progression in 
A IS patients. 
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correlate to knee extension strength (r=0.2557, p=0.000). hand gnp (r=0.1972,.. £ 
p=0.000). sit up (r=0.0827. p=0.026), tlcxib.licy (r=0.1247, p-0.001), one leg standing Adjacent T-Score Ll-U vs. Individual T-Score . 邏 , , 
time {r=0.2594. p=0.000), stepping over obstacles (r=0.3104, p=0.000) and endurance Differences ^ 
(r=0.3l34, p=0.000). Total score of the JOQOL was significantly correlate to knee |T>1.Q T>1.5 T>Z.O [ T>0.7 T>0.8 [T>0.9|T->1 W 
extension (p=0.2806, p=0.024) and sit up (r-0.2621, p=0.035). In categories of the Specificity 64% 93% 9 8 % ~ 61% 72% 82% 191% % 
JOQOL pain was significantly correlate to hand gnp (c=-0.2725, p=0.025). ADL was Sensitivity 83% 56% 2 1 % ~ 89% 81% 82% 68% i 
significantly correlated to knee extension (r=0J1690, p=0.009). sit up (r=0.2506, , . ^  ！ “ 
p=0.039). one leg standing (r=0.39l8. p=0.001). stepping over obstacles (P=0.3841, “ . 
；>=0.001) and endurance (t=0.2902, p=0,0l6). Social activities were significantly BMC Area BMD BMD 榮 
correlated to endurance {r=0.2787, p=0.021). Well-being was significantly correlated up-u"p up-up-up up-up-up up-up-down ，• 
to flexibility (r=-0.3027. p=0.0i2). Fear of falling and psychological factors was Specificity 68% “ 69% 26% 43% "1 .来 
significantly correlated to hand grip (r=-0.2449, p=0.046) and sit up (r=0.2533. Sensitivity 43% 38% 70% "63% ^ 
p=0.039). In conclusion. BMD and QOL relate to muscle strength, flexibility, one leg Tabic I: Scns.tivcy ofexc us.on cntena based on i-scorl difTcrenc^ and ^ ” 
standing time and walking capacities. Therefore, to keep and improve those PFL 卯11 to 14 trend ^ 
factoR is imponam to prevent osteoporosis and to maintain QOL. -^B 
P320 F P 则 ^ 
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594 GIRLS WITH ADOLESCENCE IDIOPATHIC SCOLIOSIS 丨 Tanak^ai. H Oshima- 圣寺 
V W. Y. Hungi•’ S. K. Cheung丨，L Qin'. X. Guo^  L C_ Y. Cheng' - 'Nacionai [ristimte for Longevity Sciences. Obu, Japan 
丨 Departmem of Onhopeadics and Traumatology, The Chinese University of Hong ^Fujiu health University, Toyoake. Japan 二 
Kong [Objective] To clarify diagnostic criteria and ctTicacy of treatment tor . 
-Department of Rehabilitation Sciences’ The Hong ICong Polytechnic University corticosteroid-induccd osteoporosis in Japanese patients. 
Objectives: Osteopenia has been reported in giris wi(h adolescent idiopathic (Subjects and Methods] One hundred and ninety three patients (167 females and 26 
scoliosis (AIS). However, the projectional area of the spine measured by dual energy males) with connective【issue diseases who took corticosteroids more [han 5mg/day 
X-ray absorptiometry (DXA) could be affected by the associated rotational deformity (equivalent to prednisolone) were subjcctcd in this longitudinal study for 2 years. The -
in scoliosis and thus the bone mineral density (BMD) value. The aim of this study was mean of age. daily and total corticosteroid dosage were 50 years old. 9.3 mg/day. and 二 
to evaluate the bone mineral status of in AIS patients by measuring the rooiion 21.9g. respectively. Bone mineral densities (BM D) of the lumbar spine were measured 
independent BMC of the lumbar spine and compare the results with the BMO daia and by a dual energy absorptiometry (DXA), and an incidence of vencbral compression 
normal controls. fracture was analysed by morphomctric measuremcnis with X-ray of the ihoratic and 
Methodology: 600 AIS girls, aged IM6, with ac least 10 deg Cobb's angle lumbar spines. Selection of thcmpcutic agents for osteoporosis was non-randomized.奇 
radiographic measurement in the coronal plane, were included in this study. BMC and I) A diagnostic value of BMD was analysed in patients without 
BMD of lumbar spine (L2. L4) were recorded with Norland XR06 DXA machine. thcrapeudc agents for ospteoporos.s (n-99). An mcidcnce of the morphomctnc ： 
Age and scx-maichod normal reference range was used for comparison. fracturc m 2 years was 40%. A relative nsk for the mc.dcntal fncturc was .ncr^ e^d to , 
Results: Z-score BMC and BMD, standardized with age-mmchcd control, of the 咖“：than 2 in patients with the YAM of 71 to 80% compared o^ jhoso w.ch 91 to 
, L 」 , L ,.’，,<%/:"。 , .p . , . 0%. An aboso u(e risk tor the latter group, however, was very high 19%). ROC 
lumbar spine were used for chc analys.s 23.2% of AS -ere dass.ficd as low bone an^Jeffcctivc cut-ofTva/uc for the prediction 
mass, ,.e. BMC z-scorc below m.nus 丨 SD and 1.4% of AIS wc二f^und have 。「[二 Incidental fncure. In parents with more than lOmg/day of prednisone’ ch. 
cxtren^dy low bone mass, with BMC z-score below m.nus 2.SD 29.6% of AIS were 90% of the YAM was more accuratc. 2) Logistic regression analysis in al 
found to have BMD t-scort: below mmus ISD and 2.9% of them below m<nus 2.)SD. subjects showed that independent risk factors for the incidental fracturc were the age 
Discussion and Conclusion: The present stutiy showed ihc ovea-stimatcd (every 10 years old increase, odds ratio (OR) 1.86. p=0.0007). the conicosteroid 
percentage of osteopenia cases if BMD were used as diagnostic criteria insicad of dosage (every increase or5mg/day. OR 1.96. p=0.0006), BMD (every 5% decrease in 
BMC (29.6% for BMD vs. 23.2% for BMC). BMC should be recommenOcd for the y a M . OR 1.27. p=0.004). deformities.of the spine at the eniry (OR 7.92. p=0.0009), 
measurement and monitoring of the bone mineral status of paiicnis with scoliosis as it and male (OR 3.52. p=0.04). and that independent protccitivc factors were some of the 
.not afTccted by spinal rotation in projectional DXA BMD measurement. therapeutic agents (Menatctrcnone. a synthetic vitamine K analog. OR 0.04, 
[>=0.0002; Etidronate. OR 0.02. p=O.OOOI). 
-- P 1 7 1 <s [Conclusions] In Japanese, conicosteroid-induced osteoporosis could be diagnosed 
, ^ In patients with less than 80% of the YAM.【ncrca^ccl dosages of conicosteroids, 
, h o w e v e r , might increase the cut-ofT value. Etidronate and Menatetorcnone would be 
COMPUTER ASSISTED DENSITOMETRY: AUTOMATED effect,ve For the �re 咖 em orcomcosteroid-incJuced osteoporos.s. 
ASSESSMENT FOR DXA LUMBAR SPINE ANALYSIS 
H. S. Bardcn', K. G. Faulkner P323 F 
GE Medical Systems Lunar. Madison. WI, LISA 
Bone densitometry systems automatically analyze lumbar spine scans and calculate 丁HE EFFECT OF BONE STRUCTURE ON PATIENT-SPECIFIC DXA 
bone mineral density {BMD). However, some vertebrae with unusual BMD (N VIVO BMD INACCURACIES 
characteristics due to osteoarthritis, fracture, or other conditions, should be excluded 
from analysis. Computer Assisted Densicometry (CAD) provided by the Lunar H. H. Bolotin „ . 
Prodigy (GE Medical Systems) helps the user determine when (o review a scan and Division of Medical Radiations. School or Medical Sccnces. RMtT Un.vcrs.ty, 
cxclude vertebrae from analysis and diagnosis. We studied various criteria for the Bundooni. Victoria. Australia ^ ^ . ^ 
assessment of lumbar spme scans. 八""tended exposition -s developed of the effects of bone s.mcmrc on chc fom 
Visu. or 23 . spin, scans 二D^二 t ^ S l i S 二; T s 二 
confounding conditions .ha. could mfluence results: focal areas of unusually h.gh ； 丨 unavoidable pacent-spcctlc DXA m vivo/in situ BMD inaccuracies 
BMD (n=63). h.gh dens.ry due ro end-pla.e ca c.hca.on (n= 11). colapsed or crushed r^e inherent【0 the r.e<hodology and anse dirccUy from a n — a n d X-ray 
vcnebrac (n=8). unusual sp.nai curvature (n=2) Exclusion cntena proposed reccmly 血 咖 《 n c disparities among the different tissues present within the scan region 
include: a) focal stmcmral abnomialit.es, b) failure of BMC or area to ,ncn:ase from ( _ ) i n c e r r o g a t e d bone s>te. Cntena governing these 8MD 
LI to L4. c) T-score difTercnces >1 SD between adjacent vertebrae (l). We studied (he inaccuracics are derived for the relevant absorptiometncaily distinguishable extra- owi 
I ability of three cntcria to identify vertebrae with confounding conditions: I) T-score intraosseous soft tissues present in every in vivo /in situ bone site (lean muscle tissue. 
； difTerenccs between adjacent vertebrae, 2) T-score ditTerences between LI-L4 average interposed and admixed fat. and red/yellow marrow combinations). Different 
I and individual vertebrae. 3) increase in BMC and Area with each venebral level. magnitudes and panems ofBIvio inaccuracies are shown to penain for bone stmcturtf 
Results showed the best criterion for identifying vertebrae with confounding thai are (i) purely trabecular, (ii) wholly conical, and (iii) those containing bo^ 
conditions was a T-Score difTerence >0.9 SD between L1-L4 mean and individual cortical and trabecular bone. Explicit expressions for absolute and percentage BMU 
j vertebrae, with specificity and sensitivity of 32%. We conclude that a criterion based inaccuracies are derived and delineated. I( is also demonstraced that rypical. clmicalj 
' on T-score differences provides the best method to Identify spine scans for review. sncountered ranges of anchropometric and X-ray absorpiiometric disparilics 
； CAD procroms with sensitive exclusion criteria should improve accurate clinical [he extra-osseous sot! tissues and ihe ubiquitous marrow within ihc bone sinicture ^ 
. diagnosis of osteoporosis. lo pac.ent-spcc.Hc BMD inaccuracics that can readily cxcccd 20% of (he actual va 
j 1, J Gin Dcnsi.omotry 2002:5 (SuppI) S11-SI 7. of BMD present ,n the scan ROl. Due to the trend ofnaiural anthropometric〔n‘ b 
iiini 
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